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Chapter 1

General introduction

Background
Why do satellites span the sky? Why do countries send spies into other countries?
Why do professional sport teams study their opponents' games? The answer is
because people today are not reluctant to gather information. This process empowers
the development of knowledge and reduces, to some extent, uncertainties in
judgement and decision making processes. Consequently, new instruments and tests
are constantly being developed and fashioned to provide complementary meaningful
information to the search for information. Whether a test’s outcome can provide
trustworthy judgements or decisions depends particularly on the measurement quality
of the test (1).
Whereas biometrics and psychometrics concern the sciences of measuring and
analysing biological and psychological phenomena, respectively, clinimetrics refers
analogously to the development of methodological and statistical methods applicable in
clinical medicine (2,3). Clinimetrics deals with the design, administration and
interpretation of tests meant to functionally and accurately measure clinical and
epidemiological variables, such as symptoms, diagnosis, progression of illness or
problems of functional capacity in daily living and work (2,3). Assurance of accurate
measurement is required before using tests in any given context. Clinimetric properties
indicating that the test is reliable and valid should be considered as fundamental for
determining the measurement quality of any test (4).
In light of the financial burden of musculoskeletal disorders seen worldwide, properly
and accurately assessing physical work-ability is crucial, especially in rehabilitation,
return to work and work disability contexts. However, uncertain assumptions are made
for evaluation, prediction, judgement or decision making related to physical work ability
(5). Professionals, working either in rehabilitation, occupational or insurance medicine,
tend to rely on information provided by the patient’s recall and the physical examination
and draw inferences to estimate the physical work-ability of a patient (6).
Complementary information, provided by relevant performance-based tests such as
Functional Capacity Evaluation (FCE) tests, could allow professionals to base their
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physical work-ability assessment on other than intuitive principles or presumptive facts,
but rather on scientific and accurate evidence if, and only if the FCE tests concerned
are reliable and valid.

Clinimetrics
Derived from the field of psychometrics, the term ‘clinimetrics’ was introduced in the
early 1980s by Feinstein, and it is defined as “the domain concerned with indexes,
rating scales and other expressions that are used to describe and measure symptoms,
physical signs, and other distinctly clinical phenomena in clinical medicine” (4,7). In
recent years, many authors have focused and debated on the similarities and
differences between clinimetrics and psychometrics. Streiner states that clinimetrics
represents a fraction of what psychometrics already includes and suggests that the
distinction is unnecessary (8). Several years ago, de Vet emphasised the substantial
overlap between clinimetrics, biometrics (science measuring human biological and
physical characteristics) and psychometrics, but emphasised that clinimetrics is
becoming a fundamental methodological discipline within modern medicine (2,3).
Indeed, psychometrics has been developed outside the clinical field, mainly in the
educational and social areas, and it is a long-standing discipline of the methodology for
measuring psychologic phenomena or educational achievements (9,10). Therefore,
rating scales based on self-report by the patients have been developed and used in
order to quantify unobservable psychological phenomena, such as anxiety or stress
(10,11).

Analogously,

clinimetrics

refers

generally

to

the

development

of

methodological and statistical methods applicable in clinical medicine in order to assign
numbers or scores to observable clinical events (2,3,9). Aside from self-report
questionnaires, clinimetrics also deals with the development, design, administration
and interpretation of performance-based instruments or tests that are assessed by
clinicians or evaluators (9).
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Today, clinimetrics focuses on the measurement quality provided by existing clinical
instruments, and quality assessment is a fundamental and necessary process. In fact,
information provided by any clinical instrument cannot be trusted and licitly used in any
judgement and decision making process if the measurement quality (i.e., clinimetrics)
has not been positively evaluated. In the development process of any instrument,
measurement quality is a topic of concern and is reviewed through a series of steps,
including generation of proper items or subtests, selection of proper outcome
measures, standardization of material and assessment procedures, and attention to
interpretability of test results. However, even if the process of an instrument
development deals, to some extent, with minimizing measurement error, clinimetrics
remains an imperative process (Figure 1). Following development (Figure 1, nr 1 & 2),
any clinical instrument or test cannot be applied or used for a given purpose for any
given context (Figure 1, nr 4) until it has passed the clinimetrics assessment (Figure 1,
nr 3). If an instrument or test fails upon clinimetrics assessment (Figure 1, nr 5), it
cannot be licitly implemented, and, consequently, its development should be
reconsidered. Therefore, identifying potential sources of measurement error could
eventually lead to the correct adjustments and modifications to improve measurement
quality.

Clinical
instrument
2
1

3

Clinimetrics
pass
fail

Development and
adjustments
5

4

Use for a given purpose in a
given context

Figure 1: From development to use of clinical instruments in a certain context
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Among the different measurement theories originating from psychometrics, classical
test theory (CTT) has been by far the most influential test theory applied to clinimetrics
to assess the measurement quality of clinical instruments (1,11,12). Similar to true
score theory, CTT is a simple yet powerful model for the assessment of measurement
quality, and it relies on the decomposition of observed scores to true and error scores
(1,11,12). The measurement of any clinical phenomenon, such as blood pressure,
maximal oxygen uptake or lifting capacity, carries some amount of error that can be
divided into random error and systematic error (12). Random error is present in all
measurements and is caused by factors that randomly and unpredictably affect the
measurement of a phenomenon (1,12). For instance, mood and motivation could be
factors that randomly increase or decrease a person’s performance. Analogously,
systematic error is caused by factors that systematically affect the measurement of a
phenomenon, and this error will consistently either increase or decrease the observed
score (1,12). For instance, a personal weight scale could deliver measurements that
are invalid but reproducible, such as always registering a value that is two kilograms
too high because of an improper calibration. Measurement errors, both random and
systematic, are the core of clinimetrics and are traditionally associated with the two key
concepts of reliability and validity (12). In clinical research, both clinimetric properties
are relevant for performance-based instruments, and reliability is the first clinimetric
property that must be assessed because no test can be valid without being reliable
(1,11).

Reliability
Reliability assessment is the first step in the evaluation of the clinimetric properties of
an instrument; a test cannot be valid if it is not reliable. Reliability refers to the
consistency of a measure, and it reflects the amount of random error involved in any
measurement (1,11). In the literature, reliability is often used interchangeably with the
terms reproducibility, repeatability, consistency, agreement and stability (13). Recently,
de Vet advocated that reproducibility is the proper term to use in clinical research,
making the distinction between two aspects that are essential for clinical interpretation:
reliability and agreement (2,14).
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Reliability refers to the test’s ability to distinguish individuals from each other despite
measurement errors (2,13,15). The terms intra- and interrater reliability apply when the
repeated measurements are assessed within or between raters, respectively (13).
Agreement concerns the absolute measurement error in that it evaluates how close
scores

are

during

repeated

measurements.

In

agreement

assessment,

the

measurement error is established within raters when the repeated measurements are
assessed by the same rater, or between raters when assessed by different raters
(2,15). This quantification of measurement error permits cautious assumptions about
sensitivity to change, or responsiveness; a large measurement error might not permit
separation of real change from changes due to measurement error, making it useless
for detecting any relevant clinical changes in time. With regard to clinical medicine, de
Vet acknowledges agreement as a particularly important parameter because a test is
often used in clinical medicine to assess changes over time (14,15). Furthermore,
agreement, by comparison with reliability, has the advantage of being expressed on its
own measurement scale, which makes it easier to interpret (14,15). However, in case
of unfamiliarity with test scores, for instance, in assessing a newly developed
instrument, clinical interpretation of agreement is difficult to assess because a given
change in test scores cannot be clearly assigned to real clinical change or
measurement error, while reliability parameters can be interpreted fairly well (14,15).
For both agreement and reliability, the phenomenon that is supposed to be measured
presumably does not change (steady-state) between the repeated measurements.
Therefore, from a methodological and procedural perspective, the choice of an optimal
time interval is then an essential aspect in reproducibility assessment, especially when
assessing reproducibility in a population with a medical condition (either disorder or
complaint). In medical conditions, the time interval chosen should take into account the
nature, course and temporal stability of the disorder or complaint. Generally, time
intervals in reproducibility studies are accepted to vary from a few days to two weeks
between repeated measurements (10,11,16).
Finally, it is essential to indicate that reproducibility is a property of the test scores
rather than the test itself, and it is thus said to be sample dependent (11). Since
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particular tests are intended to be applied to certain populations, reproducibility studies
should assess populations that are relevant for future use and implementation (once
evidence of reproducibility and validity has been established) of the concerned test.
The test in question is then shown to be reproducible only within the population that
has been used in the reproducibility study.

Validity
Validity assessment is a major issue in the assessment of the quality of a test. This
assessment is not a simple matter because there are several definitions in literature
and textbooks, and there are many methodological and procedural approaches. While
reproducibility refers to the quality of a test’s scores and relates to random error,
validity reflects the quality of the interpretation of test scores and relates them to
systematic error. In other words, validity shows that a test measures what it intends to
measure (1,10-12). In clinical research, current and accepted validity concepts include
content, construct and criterion-related validity, the last two being the most relevant for
performance-based tests (11).
Content validity can be claimed when a test logically and obviously measures what it
purposes to measure (1,17). Content validity does not need statistical assistance to be
established because the relationship between the phenomenon being measured and
the test score(s) is determined by a panel of experts or researchers (17). In a clinical
setting, because of the subjectivity involved in the assessment of content validity,
researchers prefer to seek construct and criterion-related validity evidence, which can
be statistically supported. Also, within psychometrics, content validity appears as a
‘category of construct validity’ that is not always assessed for (psychological)
instruments (18).
Construct validity refers to the degree to which a test measures a hypothetical, nonobservable construct, and this validity can be established by relating the test to
outcomes of other instruments (1,11). Construct validity is the broadest type of validity
and can be subdivided into convergent, divergent and discriminative validity (1,11,17).
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Convergent validity measures the degree to which the evaluated test is associated with
another test that is believed to reflect the same underlying phenomenon. Divergent
validity, also referred to as discriminant validity, measures how well the evaluated test
is associated with another test that is believed to reflect a different underlying
phenomenon (11,17). Discriminative validity, not to be confused with discriminant
validity, is another common way to support construct validity and is provided when the
evaluated test discriminates between groups that are known and expected to be
different from each other (1,17). This method is also referred as the Known Groups
Method (1).
Criterion-related validity can be subdivided into concurrent and predictive validity and is
the most practical, powerful kind of validity, and the one most needed by clinicians.
Criterion-related validity describes how the evaluated test relates to an existing highly
valued test, called a gold standard (showed to be reproducible and valid) that
measures the same concrete phenomenon (11,17). Concurrent validity examines the
relation between both tests concurrently, while predictive validity examines the same
relation, but the gold standard is measured at a later time (11,17). The most difficult
aspect of establishing criterion-related validity in clinical practice is that often no gold
standard exists (19). When no gold standard is available, the common alternative is to
use an accepted and well-grounded reference test (also referred as silver standard) to
relate to the evaluated test (20,21).
The validation of clinical performance-based tests, as this thesis will deal with, is not a
straightforward process. After evaluating the basic property of reproducibility in a
relevant population, the validation process of performance-based tests requires
gathering evidence on whether the test results are meaningful in a given context.
Therefore, a series of studies assessing different aspects of validity could be used, in
which evidence of construct and criterion-related validity is preferred. With regard to
criterion-related validity, there are few unequivocal instruments that can act as a gold
standard for performance-based tests, so an adequate alternative or reference test
must be found.
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Physical work-ability and Functional Capacity Evaluation
Physical health, either for work, sport or activities of daily living, is an important concern
for the quality of life. Proper functioning of the musculoskeletal system is an important
determinant of physical health. Unfortunately, the musculoskeletal system does not
always cooperate. For example, in many populations, either musculoskeletal
complaints (MSCs) or musculoskeletal disorders (MSDs) cause health problems and
pervade every area of life, especially work (22-25). Consequently, physical
impairments often emerge while working, thus hindering physical work-ability. Workrelated physical impairments are, therefore, a significant health care problem with
regard to both incidence and costs.
Indeed, MSDs have been identified as the most common cause of occupational
disease and the primary reason for long-term absence and related work disability (26).
In addition, 60 to 75% of the people suffering from MSCs in Europe have a decreased
ability to perform physical activities of daily living (27), which places a tremendous
financial burden on health services. In the United Kingdom, the direct cost of one
workday lost resulting from absence due to MSCs has been estimated to be 450 Euro
(28). The total direct cost for health services that result from MSDs was reported to be
0.7% of the gross national product in the Netherlands, 1.0% in Canada, and 1.2% in
the USA (29,30). Furthermore, aside from psychological disorders, MSDs are the most
common cause for work disability and sick leave in the Dutch working population,
representing an expenditure of more than 10 million Euro over a year (31). In order to
reduce the financial burden of MSD management, it is imperative that professionals
concerned with rehabilitation and disability be able to adequately assess physical workability. However, these professionals possess few instruments to assess physical workability, and they often rely on their own experience and on information provided by the
patient’s anamnesis, the physical examination, and information from the health sector
(6,32). Consequently, the use of complementary information provided by a relevant
performance-based test specifically developed to assess physical work-ability would
improve judgement and the decision making process.
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Functional Capacity Evaluation (FCE) tests are performance-based assessments
designed to assess the current physical work-ability of individuals suffering from MSCs
or MSDs (33-35). FCEs are believed to have originated in the 1970s from American
therapists who assembled and compiled existing and self-developed tests into a battery
of tests that simulate work and assess the patient’s ability to work (36). FCEs rely on
the results of a battery of standardized functional tests that reflect work-related
activities, such as sitting, standing, walking, bending, reaching, hand and finger
dexterity, lifting and carrying (33-35). Based on observation and testing criteria, FCE
tests evaluate the performance of individuals in tasks of both short and long duration
(37,38). FCE tests report several factors, including blood pressure, heart rate, liftable
load, working height, working distance, manipulation velocity, coordination, degree of
pain, and fatigue (37,38). FCE tests are generally administered by certified physical or
occupational therapists specifically educated and regularly trained in adequate
administration. The results of FCE tests can be collected on-line, in the case of
computerized FCEs, or off-line, where data are filled in on an appropriate form by the
evaluator. Standard FCE protocols are generally time-consuming. It can take between
four hours and two days to go through the entire FCE protocol, depending on the type
of FCE, the testing procedures and criteria, the evaluator’s skills and the individual’s
abilities. Ease of administration and time cost make FCEs relatively impractical,
practicality being a critical issue when it comes to FCE assessment.
FCEs are generally applied to different (para)medical contexts for several purposes
(39-42). In rehabilitation medicine, FCE tests can be used as an initial medical or
clinical evaluation following injury to assess a patient’s physical abilities. They can also
be used as an evaluative and training instrument to determine physical and functional
improvement through a rehabilitation program. In occupational medicine, FCE tests can
give relevant support to occupational physicians to formulate appropriate and realistic
expectations in terms of return to work planning. Here, FCE tests can also propose
adequate and hopefully effective rehabilitation or treatment programs that could
successfully lead to full or modified return to work. In insurance medicine, insurance
physicians can use FCE tests to determine the degree of physical (dis)ability for work
disability compensation purposes and to provide meaningful information to justify work
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disability benefits. From the patient’s perspective, an FCE can provide a patient with
valuable feedback about his or her own physical abilities because the FCE focuses on
a person’s abilities and physical capacities given a medical condition, disability or
impairments. Furthermore, the patient can personally experience what he or she is
capable of doing despite the medical condition.
In the Netherlands, four major FCEs are being profiled on the Dutch market. One of
these tests, the Ergo-Kit (EK) FCE method, is particularly widespread (43). The EK
FCE is based on 55 tests, including 15 ‘physical agility’ tests that are principally used
by physical and rehabilitation therapists and applied in physiotherapy and rehabilitation
centers as an evaluative and training instrument. In work disability context, insurance
physicians recently indicated that information provided by different EK FCE tests have
complementary

value

in

judging

physical

work-ability

(44,45).

Furthermore,

occupational and insurance physicians, working either in return to work or work
disability context, indicated a positive view of the utility of complementary information
provided by the EK FCE tests for the assessment of the physical work-ability of a
patient. However, this view applies only under the assumption that the measurement
quality of the EK FCE tests has been assessed and found to be positive (46).

Clinimetrics of the Ergo-Kit FCE tests
Despite the providers statement that FCEs are reliable and valid, Innes and Strakker
claimed that there is too little scientific information on the measurement quality, or
clinimetrics, of most FCEs (13,17). In addition, Gardener and colleagues suggested
that the lack of documented reliability and validity further diminishes confidence in any
approach to FCEs (47,48). Consequently, the search for evidence on measurement
quality of EK FCE tests either in the literature or through empirical study is imperative
before implementing it in the context of rehabilitation or occupational or insurance
medicine. With regard to the theoretical and methodological considerations of
clinimetrics described earlier in this chapter, the measurement quality of EK FCE tests
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should be represented in a two-step model assessing reproducibility and validity
successively (Figure 2).
Reducing, or even eliminating, error in any measurement or observation, including EK
FCE test scores, remains the main objective of clinicians. Therefore, both clinimetric
properties can be approached according to the CTT to relate variance in EK FCE test
scores to random or systematic error. Assessing reproducibility (Figure 2, nr 1) of EK
FCE tests could allow quantification of random error, while the evaluation of validity
(Figure 2, nr 2) could identify potential sources of systematic error. Only once
clinimetrics has been positively evaluated information provided by EK FCE tests can be
trusted and eventually incorporated into the assessment of physical work-ability in a
specific and defined context. The seek of clinimetric evidence for EK FCE tests, as
illustrated through a two-step model (Figure 2), will be covered in this thesis.

EK FCE tests
1

Reproducibility
pass fail

2

Validity
pass fail

Development and
adjustment

Random error

Systematic error
Evidence of measurement quality

Implementation in a given context
Figure 2: Steps leading to measurement quality evidence before implementation
of EK FCE tests in a given context
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Objective of this thesis and research questions
As illustrated in figure 2, the main objective of this thesis is to find scientific evidence
for the quality of FCE tests, focussing on whether FCE tests give reproducible
outcomes in repeated measurements and whether the outcomes of FCE tests are valid
for the assessment of physical work-ability in a return to work context.
With regard to the reproducibility of FCE tests, the following three research questions
will be answered in this thesis:
1. What is known in the international literature about the reliability of four FCE
methods available in the Netherlands?
2. How reproducible are EK FCE tests in subjects without musculoskeletal
complaints?
3. How reproducible are EK FCE tests in subjects suffering from musculoskeletal
complaints?

With regard to the validity of FCE tests, the following three research questions will be
answered in this thesis:
4. What is known in the international literature about the validity of four FCE
methods available in the Netherlands?
5. What is the construct validity of EK FCE tests in employees on sick leave due to
MSDs?
6. What is the criterion-related validity of EK FCE tests in employees on sick leave
due to MSDs?

Due to the uncertainty of the clinimetrics of FCE tests, no specific hypotheses can be
formulated on whether FCE tests provide valid or non-valid measurements for the
assessment of physical work-ability
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Outline of this thesis
Chapter 2 provides a systematic literature review of the clinimetric properties of the four
FCE methods that are profiled on the Dutch market, including the EK FCE. Chapter 3
describes a study evaluating the intra- and interrater reliability of functional tests from
the EK FCE method in adults without musculoskeletal complaints. Chapter 4 describes
a study evaluating the reproducibility (agreement and reliability) between raters of five
EK FCE lifting tests in subjects suffering from low back pain. The measurement error of
these functional tests is quantified to demonstrate the sensitivity to change within the
study population. Chapter 5 describes a study evaluating the construct validity of five
EK FCE lifting tests (two isometric and three dynamic) in construction workers on sick
leave due to MSD. Discriminative validity is assessed using the Known Groups
Method, while convergent validity is established by studying the relationship between
these functional tests and pain intensity and disability. In chapter 6, criterion-related
validity is established by evaluating the concurrent and predictive validity between five
EK FCE lifting tests (two isometric and three dynamic) and a reference test, an
instrument that is used and accepted among the occupational health services for
workers in the construction industry on sick leave due to MSD. In addition, the
predictive validity of these five EK FCE lifting tests on return to work is evaluated. In
chapter 7, the main findings from the studies listed in this thesis are discussed, and
conclusions are drawn regarding the clinimetric properties of the EK FCE tests.
Furthermore, general aspects and recommendations for future research are proposed.
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Abstract
Objectives
Functional Capacity Evaluation methods (FCE) claim to measure the functional
physical ability of a person to perform work-related tasks. The purpose of the present
study was to systematically review the literature on the reliability and validity of four
FCEs: the Blankenship System (BS), the ERGOS Work Simulator (EWS), the Ergo-Kit
(EK) and the Isernhagen Work System (IWS).
Methods
A systematic literature search was conducted in five databases (CINAHL,Medline,
Embase, OSH-ROM and Picarta) using the following keywords and their synonyms:
functional capacity evaluation, reliability and validity. The search strategy was
performed for relevance in titles and abstracts, and the databases were limited to
literature published between 1980 and April 2004. Two independent reviewers applied
the inclusion criteria to select all relevant articles and evaluated the methodological
quality of all included articles.
Results
The search resulted in 77 potential relevant references but only 12 papers were
identified for inclusion and assessed for their methodological quality. The interrater
reliability and predictive validity of the IWS were evaluated as good while the procedure
used in the intrarater reliability (test–retest) studies was not rigorous enough to allow
any conclusion. The concurrent validity of the EWS and EK was not demonstrated
while no study was found on their reliability. No study was found on the reliability and
validity of the BS.
Conclusions
More rigorous studies are needed to demonstrate the reliability and the validity of FCE
methods, especially the BS, EWS and EK.
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Introduction
In a world that is changing continuously and where everything is moving faster,
functioning as a human being is really important. All human movement, from laughing
to walking, depends on the proper functioning of our musculoskeletal system. This
complex system allows us to perform different tasks in daily life, for instance at work.
The musculoskeletal system has been identified as the most common cause of
occupational disease and work loss: it especially concerns disorders such as low back
pain, neck pain, upper limb pain and arthritis (1-4). In recent years, as the incidence of
work-related injuries and occupational diseases has risen considerably, there has been
growing interest in musculoskeletal disorders in workers. Reducing work-related
injuries or illness, and their medical costs, has become a priority in many countries.
In the Netherlands, work disability, defined as the inability to perform job tasks as a
consequence of physical or mental unfitness, became over the last decades a socioeconomic problem and actually dominates the political debate. From 1976 to 2001, the
number of injured or sick workers who were partially or fully disabled for work and
received work compensation rose for more than 50%, growing to almost 1 million
people, and that for a substantial work population of 8.5 million people (5,6). The total
healthcare cost for this large number of people with work disability reaches each month
850 million euros, representing an expenditure of more than 10 milliard of euros over a
whole year (6). Impairments of the musculoskeletal system are, beside the
psychological disorders, the most important causes responsible for disability and work
absenteeism: 36% of all people seen during a work disability claim for work
compensation had an occupational disorder or injury related to the musculoskeletal
system (6).
Functional Capacity Evaluation (FCE) aims to be a systematic, comprehensive and
multi-faceted ‘‘objective’’ measurement tool designed to measure someone’s current
physical abilities in work-related tasks (7-9). FCEs are commonly used for individuals
who have work-related disorders, particularly musculoskeletal disorders (9,10). FCEs
are used by physicians, insurance companies, medical care organizations as well as in
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industry and government entities during work disability claims, injury prevention,
rehabilitation process, work conditioning programs, return to work decision after injury
and pre-employment screening for people with or without impairments (11-12). Over
the past few years, a number of FCEs has been developed to assess functional
capacity in specific work-related tasks. In the Netherlands, four major FCEs are
developing and profiling themselves on the Dutch market as high quality work
assessment methods: Blankenship System (BS), (13) Ergos Work Simulator (EWS)
(14), Ergo-Kit (EK) (15) and Isernhagen Work System (IWS) (16).
For these four FCEs, the principles of scientific measurement should be considered, as
they are for any other test: an FCE should give reliable and valid measurements (17).
The providers of these FCEs pretend that these assessments use procedures that are
reliable and valid (18). However, they do not supply enough evident information about
the reliability and validity of these FCEs. Gardener et al. even notices that the lack of
documented reliability and validity diminishes confidence in any approach to FCE (19).
The aim of the present study is to review systematically the literature on the reliability
and validity of the BS, EWS, EK and IWS. This objective results in the following
questions:
(a) What is known about the reliability of the BS, EWS, EK and IWS?
(b) What is known about the validity of the BS, EWS, EK and IWS?

Methods
Systematic search strategy
We performed a systematic literature search involving the following electronic
databases: CINAHL (nursing and allied health literature), Medline (biomedical
literature), Embase (biomedical and pharmacological literature) and OSH-ROM
(occupational safety and health related literature, including databases as RILOSH,
MIHDAS, HSELINE, CISDOC and NIOSHTIC2).
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We used the following keywords and their synonyms: functional capacity evaluation
combined with reliability / validity (Table 1). The synonyms of functional capacity
evaluation were connected by ‘‘or’’, so as the synonyms for reliability and validity. Both
groups of results were then connected by ‘‘and’’.
The search strategy was performed for relevance in titles and abstracts, and the
databases were limited to literature published between 1980 and April 2004. We also
searched a Dutch database, Picarta, to identify publications written in Dutch using as
keywords the names of the four FCEs: Blankenship, Ergos, Ergo-Kit, and Isernhagen.

Inclusion criteria
Inclusion criteria were defined and used to ensure capturing all relevant literature. We
included articles:
(1) written in English, Dutch or French
(2) and using one of the following FCE’s: Blankenship, Ergos, Ergo-Kit,
Isernhagen
(3) and presenting data about the reliability and/or validity of these FCE’s.

Table 1: Key words and their synonyms used in the present study
Functional Capacity Evaluation
Functional capacity evaluation
FCE
Blankenship
Ergos
Ergo-kit
Isernhagen

Reliability / Validity
Reliability
Reliable
Repeatable
Reproducibility
Test-retest
Intrarater reliability
Interrater reliability
Consistency
Consistent
Stability
Precision
Validity
Valid
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Study selection
Applying the inclusion criteria defined above, the first two authors independently
reviewed the titles and abstracts of the literature to identify potentially relevant articles
(step 1). If any title and abstract did not provide enough information to decide whether
or not the inclusion criteria were met, the article was included for the full text selection.
From the titles and abstracts included, we read the full articles and the same two
reviewers applied the inclusion criteria to the full text (step 2). Disagreements, if any,
on the inclusion or exclusion of articles were resolved by consulting a third reviewer.
Reviews were included and only used to screen for further original papers. The
bibliographies of the articles included were also cross-checked to search for studies not
referenced in our databases as we systematically searched for the name of one of the
four FCEs (Blankenship, Ergos, Ergo-Kit, Isernhagen) in the titles of the references.
Then, we applied the three inclusion criteria to the full text.

Methodological quality appraisal
All included articles were reviewed independently by the first two authors to assess the
methodological quality. As the methodological quality in a study influences the results
and conclusions in our systematic review, we developed a three-level quality appraisal
scale (+,+- and -) to evaluate the scientific relevance of each study. This scale is, for a
large part, based on different studies (20-25).
Five methodological quality appraisal features were defined and assessed: (1)
functional capacity evaluation to evaluate if it is clearly mentioned whether the full FCE
method has been used or which subtests, (2) objective to evaluate whether the
objective of the study is clearly defined, (3) study population to judge whether the study
population is well described, (4) procedure to evaluate whether the study used a
properly defined procedure to achieve the objective (21-25), and (5) statistics to
evaluate whether the statistics used are clearly described and properly used to test the
hypothesis of the study (20).
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Each study get 5 scores and the total score was calculated by adding + and – scores:
+, +, +/-, +, - give a total of 2 +, as one – eliminates one + and +/- does not count. The
methodological quality of the studies is rated as follow:
-

high: 4 or 5 +, indicating a high methodological quality,

-

moderate: 2 or 3 +, indicating a moderate methodological quality,

-

and low: 0 or 1 +, indicating a low methodological quality.

Any disagreement between both reviewers was resolved by consulting a third reviewer.
Table 2 gives a completed description of these methodological quality appraisals.

Table 2: The methodological quality appraisal (21-25)
1. FCE method
+
-

It is clearly mentioned in this study whether the full FCE-method or which subtests have
been used
It is not clearly mentioned in this study whether the full FCE-method or which subtests have
been used

2. Objective
+
-

The objective of the study is clearly mentioned
The objective of the study is not clearly mentioned

3. Population

N number of subjects, G gender, A age, H health status, W work status

+
+/-

The 5 items N, G, A, H and W appear in the article
3 - 4 of the 5 items appear in the article
1 - 2 of the 5 items appear in the article

4. Procedure
→ Intrarater Reliability
+
Time interval (days) between test-retest ranges from 7 to 14
+/Time interval (days) between test-retest ranges from 3 to 6 and 15 to 21
Time interval (days) between test-retest is less than 3 or more than 21
→ Interrater Reliability
+
Number of raters used is more than 2
+/Number of raters used is 2 within more than 10 measurements
Number of raters used is 2 within 10 measurements or less
→ Validity
+
The study design is clearly described and appears properly defined to the type of validity that
it meant to be measured
+/The study design satisfies only one of the conditions described above
The study design is not clearly described and does not appear properly defined to the type of
validity that it meant to be measured
5. Statistics
+
+/-

The statistics used are clearly described and appear properly defined to achieve the
objective of the study
The study design satisfies only one of the conditions described above
The statistics used are not clearly described and do not appear properly defined to achieve
the objective of the study
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Reliability and validity
An assessment is considered reliable when the measurements are consistent, free
from significant error and repeatable over time, over the date of administration and
across evaluators (26,27). Different types of reliability are known as intrarater reliability,
test–retest reliability, interrater reliability or internal consistency (22). In this study, we
looked for: (1) intrarater reliability, the consistency of measures or scores from one
testing occasion to another, assuming that the characteristic being measured does not
change over time, and (2) interrater reliability, the consistency of measures or score
made by raters, testers or examiners on the same phenomenon (22). As the accuracy
of FCE tests is dependent on the skill of the rater, we made no distinction between
intrarater reliability and test–retest reliability (28).
Validity refers to the accuracy of the evaluation: an assessment is considered valid if it
measures what it intends to measure and if it meets certain criterion (17,23,26,29). In
this study, we looked for: (1) face validity, the degree that a test appears to measure
what it attends to measure and it is considered a plausible method to do so, (2) content
validity, the degree that test items seem to be related to the construct which the test is
intended to measure, (3) criterion-related validity (concurrent and predictive validity),
the degree that a test is well correlated with another valued measure that has already
been

established

being

valid,

and

(4)

construct

validity

(convergent

and

discriminant/divergent validity), the degree that a test is well correlated with a
hypothetical construct or theoretical expectation (23).
To evaluate the reliability and validity levels given in each study, we defined, as for the
methodological quality appraisal, a scale based on several studies (Table 3) (20,2224). These reliability and validity levels are expressed through different statistics as
correlation coefficients (Pearson correlation coefficient, r, Spearman correlation
coefficient p, Somer correlation coefficient d, Intraclass correlation coefficient, ICC,
kappa value, k, Cronbach’s alpha, α, percentage of agreement, %. Following our scale,
we can then evaluate, for both reliability and validity, whether the FCE method used in
a study has a good, moderate or poor level of reliability and/or validity.
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Table 3: The levels of reliability and validity
Level of reliability: intrarater reliability, interrater reliability and internal consistency (20,22,24)
→ Pearson Product Moment Coefficient r, Spearman Correlation Coefficient p, Somer Correlation Coefficient
d٭
high
r / p / d > 0.80
moderate
0.50 ≤ r / p / d ≤ 0.80
low
r / p / d< 0.50
→ Intra-class Correlation Coefficient ICC
high
ICC > 0.90
moderate
0.75 ≤ ICC ≤ 0.90
low
ICC < 0.75
→ Kappa value k
high
k > 0.60
moderate
0.41 ≤ k ≤ 0.60
low
k ≤ 0.40
→ Cronbach’s Alpha α
high
α > 0.80
moderate
0.71 ≤ α ≤ 0.80
low
α ≤ 0.70
→ Percentage of agreement %
high
% > 0.90 and the raters can choose between more than two score levels
moderate
% > 0.90 and the raters can choose between two score levels
low
The raters can choose only between two score levels

Level of validity (20,23)
→ Face / Content validity
high

The test measures what it is intended to measure and all relevant components
are included
moderate
The test measures what it is intended to measure but not all relevant
components are included
low
The test does not measure what it is intended to measure
→ Criterion-related validity: concurrent and predictive validity
high
Substantial similarity between the test and the criterion measure
(percentage agreement ≥ 90%, k > 0.60, r / d > 0.75)٭
Moderate
Some similarity between the test and the criterion measure
(percentage agreement ≥ 70%, k ≥ 0.40, r / d ≥ 0.50)٭
low
Little or no similarity between the test and the criterion measure
(percentage agreement < 70%, k < 0.40, r / d < 0.50)٭
→ Construct validity: convergent and divergent validity
high
Good ability to differentiate between groups or interventions, or good
convergence / divergence between similar tests (r ≥ 0.60)
moderate
Moderate ability to differentiate between groups or interventions, or moderate
convergence / divergence between similar tests (r ≥ 0.30)
low
Poor ability to differentiate between groups or interventions, or low convergence /
divergence between similar tests (r < 0.30)

 ٭Somer Correlation Coefficient (d) was ranged by the authors as the Pearson Product Moment Coefficient (r) and
Spearman Correlation Coefficient (p)
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Results
Literature search
A total of 146 potentially relevant citations were retrieved from our literature search of
the five databases. Between them, 69 duplicates were identified, thus 77 references
remained. The application of the inclusion criteria on their titles and abstracts (step 1)
for eligibility eliminated 47 articles: one study was not written in English, French or
Dutch (2%), 45 studies did not use one of the four FCEs (96%) and one study did not
provide information on the reliability or validity of these FCEs (2%). Of the remaining 30
abstracts, we read the full text and applied the inclusion criteria (step 2). Ten articles
were excluded: one was not written in English, French or Dutch (10%), five did not use
one of the four FCEs (50%) and four did not provide information on the reliability or
validity of these FCEs (40%).
Twenty articles remained after applying the inclusion criteria on full text: 14 original
papers (30-43), and six reviews (17,29,44-47). No article was found from the search in
the database Picarta for Dutch literature. From the bibliography screening of the
reviews and original papers, no more relevant articles were identified or included after
applying the inclusion criteria on the full text. Therefore, 14 original articles were
included in this study. Agreement between the two reviewers on the inclusion of articles
was excellent (100%).

Methodological quality appraisal
During the methodological quality appraisal, two of the 14 papers were excluded.
Boadella et al. (2003) did not examine the intra- or interrater reliability but the reliability
of the EWS in terms of learning, intensity and time of day effects. Furthermore, the
study of Reneman et al. (2001) on the ecological validity of the IWS was excluded
because it did not discuss face, content, criterion-related or construct validity.
Therefore, the methodological quality appraisal was applied to 12 original studies. The
level of agreement between reviewers in assessing the quality appraisal was excellent
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Brouwer S et al. (31)
Dusik LA et al. (32)
Gross DP and Battié MC (33)
Gross DP and Battié MC (34)
Gross DP and Battié MC (35)
IJmker et al. (36)
Isernhagen SJ et al. (37)
Matheson LN et al. (38)
Reneman MF et al. (40)
Reneman MF et al. (41)
Reneman MF et al. (42)
Rustenburg G et al. (43)

Authors
+
+
+
+
+
+
+
+
+
+
+
+

FCE method
+
+
+
+
+
+
+
+
+
+
+
+

Objective
+
+/+
+
+
+
+/+/+/+
+
+

Population
+
+/+/+
+
+
+
+
+/+
+/-

Procedure

Table 4: The results of the methodological quality appraisal and the overall methodological quality

+
+
+
+/+
+/+
+
+/+
+/+/-

Statistics

Methodological
Quality
high
moderate
high
high
high
high
high
high
moderate
moderate
high
moderate
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(100%). Table 4 provides an overview of each feature’s scores of these articles. Based
on the results of the methodological quality appraisal, eight articles were ranked as
high (31,33-38,42), and four as moderate (32,40,41,43).
Moderate methodological quality: Four studies were evaluated as moderate concerning
their methodological quality (Table 4). Two of them did not completely define the study
population (32,40). For all of them, we did not find that high quality procedures were
used to achieve their objectives: three were scored as moderate (32,40,43) and one as
low (41). Concerning the concurrent validity of the EWS, the FCE outcomes were
compared with the ones of other assessments but no information was provided on the
reliability and validity levels of theses assessments (32). Concerning the concurrent
validity of the EWS and EK, the time interval between assessments on both FCEs was
considered too long (43). Concerning the intrarater reliability studies of the IWS, the
time interval between test and retest was too short or too long (40,41).
High methodological quality: Eight studies were evaluated as high concerning their
methodology quality: three studies on the intrarater and / or interrater reliability of the
IWS (31,33,37), one on the concurrent validity of the IWS and EK (36) and four on the
predictive and concurrent validity of the IWS (34,35,38,42).

Included studies
Tables 5 and 6 show the characteristics of all 12 included articles identified after our
systematic literature search. Table 5 describes the studies on reliability and Table 6
displays those on validity.
Blankenship System:
No study was found on the reliability and validity of the Blankenship System.
Ergos Work Simulator (EWS):
The systematic literature search did not retrieve any study on the reliability of the EWS.
Two studies were found on the validity of the EWS (32,43). Dusik et al. (1993)
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(1) Interrater reliability

Isernhagen WS
Floor to waist lift
Waist to overhead lift
Horizontal lift
Front carry
Right/Left side carry
Isernhagen WS
Floor to waist lift
Horizontal carry
Waist to crown lift

Test-Retest reliability

(2) Intrarater reliability

(1) Interrater reliability

Interrater reliability

N: 3 subjects
G: 3 males
A: ?
H: disabled for lifting
W: working conditioning program
N: 4 subjects
G: 2 males / 2 females
A: 20-30 years
H: healthy
W: ?

Population
(N number of subjects / G gender / A age
H health status / W work status)
N: 30 subjects
G: 24 males / 6 females
A: 40 years
H: chronic low back pain
W: 15 out of work / 15 working
N: 28 subjects
G: 71% male / 29% female
A: 41 years
H: low back pain
W: not working

N: 50 subjects
G: 39 males / 11 females
A: 38.8 years
H: chronic Low Back Pain
W: 19 not working
ICC, Intra-class Correlation Coefficient; k, Kappa value; %, percentage of agreement

Isernhagen WS
Lifting low / high
Short carry
Long carry two hands
Long carry right hand
Long carry left hand
Isernhagen WS
(1) Lifting low
(2) Lifting overhead
(3) Short carry

Intrarater reliability
(test-retest)

Isernhagen WS
28 tests

(2) Test-Retest reliability

Objective:
type(s) of reliability

FCE method
(Subtests)

Gross DP and Battié MC (33)
2001

(1) All ICC ≥ .95

(1) ICC = .87
(2) ICC = .87
(3) ICC = .77

Reneman et al. (41)
2002

(1) Session 1: %agreement ≥ 93%
Session 2: %agreement ≥ 87%

Time interval: 1 day

Reneman MF et al. (40)
2002

(1) Judging lifting as light, moderate
or heavy k = .68
(2) Judging lifting as light or heavy
k = .81

12 raters used
8 physical therapists
3 occupational therapists
1 non-clinical healthcare
professional
(1) 5 raters used:
3 physical therapists
2 occupational therapists
(2) Time interval: 1 week to 2
months

(2) % agreement ≥ .93

Isernhagen SJ et al. (37)
1999

(2) All ICC ≥ .78

(2) Time interval: 2 to 4
treatment days

(1) 3 raters used

Brouwer S et al. (31)
2003

.75 ≤ ICC ≤ .87

Time interval: 2 weeks

Authors / Year of publication

Outcomes

Procedure

Table 5: An overview of the included studies on the reliability of the four FCE methods

Concurrent validity

Ergos WS
Strength
Climb/balance,
Body dexterity,
Reach,
Talking/Hearing/Seeing
Isernhagen WS
3 lifting tests
3 carrying tests

Concurrent validity

Isernhagen WS
Waist-to-overhead lift WOL
Ergo-Kit
Upper lifting strength ULS
Upper lifting endurance
ULE
Isernhagen WS
3 Lifting capacity tests
2 Grip force tests

N: 321 subjects
G: 72% male/ 28% female
A: 42 years
H: low back injuries
W: not working
N: 226 subjects
G: 71% male/ 29% female
A: 41 years
H: low back injuries
W: 69% of subjects working
N: 71 subjects
G: 35 males / 36 females
A: 23 years
H: healthy
W: students

Population
(N number of subjects / G gender / A age
H health status / W work status)
N: 70 subjects
G: 70 males
A: 45.1 years
H: lower and upper extremities disability
W: ?

Gross DP and Battié MC (35)
2004

No association between IWS and
recovery

IJmker et al. (36)
2003

Gross DP and Battié MC (34)
2003

(1) r = -.51
(2) r = -.45

Cross sectional study
comparison between:
(1) IWS assessments and PDI
(2) IWS assessments and Pain
VAS
Retrospective cohort study:
ability of IWS to predict recovery

r = .72

Dusik LA et al. (32)
1993

(1) k = .629 for overall
.45 ≤ r ≤ .87 for strength
variables
(2) k = .407
(3) k ≤ .45

(1) Ergos vs RTPE
(2) Ergos vs SHOP
(3) Ergos vs Valpar

Subsequently assessments of
WOL, ULS and ULE

Authors / Year of publication

Outcomes

Procedure

Predictive validity
(return to work)

N: 650 subjects (G1: 349 / G2: 301)
Retrospective study:
ANOVA: differences between both
Matheson LN et al. (38)
G: G1:59.3% male/ G2:61.2% male
comparison between FCE
groups significant at P < 0.005 for
2002
A: G1: 40.1 years / G2: 43.1 years
performances of group G1
return to work
H: ?
‘return to work’ and group G2
W: not working
‘not return to work’
Reneman MF et al. (42)
(1) p = -.17 & -.20 / d = .03
(1) IWS vs RMDQ
Isernhagen WS
Concurrent validity
N: 64 subjects
2002
(2) -.08 ≤ d ≤ .23
(2) IWS vs OBPDS
14 Aactivities performed
G: 54 males / 10 females
(3) -.52 ≤ p ≤ -.27
(3) IWS vs QBPDS
A: 38.0 years
-.15 ≤ d ≤ .05
H: chronic low back pain
W: 95% of subjects working
.49 ≤ p ≤ .66
Rustenburg et al. (43)
Time interval of 7 days between
Concurrent validity
N: 25 subjects
Ergos WS
2004
assessments on EWS and EK
G: 25 males
4 static and 6 dynamic
(order FCE counter balanced)
A: 34.8 years
lifting tests
H: healthy
Ergo-Kit
W: fire fighters
4 lifting tests
RTPE, Rehabilitation Therapy Physical Evaluation; PDI, Pain Disability Index; VAS, Visual Analogue Scale; RMDQ, Rolland Morris Disability questionnaire; OBPDS,
Oswestry Back Pain Disability Scale; QBPDS, Quebec Back Pain Disability Scale; vs, versus; k, Kappa value; r, Pearson Correlation Coefficient; p, Spearman’s Rank
Correlation; d, Somer’s coefficient

Predictive validity
(safely return to work)

Isernhagen WS
Lifting, carrying, pushing,
pulling…

Construct validity

Objective:
type(s) of validity

FCE method
(Subtests)

Table 6: An overview of the included studies on the validity of the four FCE methods
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examined the concurrent validity between the EWS and three other functional capacity
assessments: the rehabilitation therapy physical evaluation (RTPE), the SHOP tasks
and the VALPAR work sample tests. They used 70 male subjects to compare the
different strength variable scores obtained with all four assessments. The degree of
concurrent validity was given by a kappa coefficient. The authors found that the EWS
correlated well with the RTPE (k=0.63) but poorly with the SHOP and VALPAR
(k<0.45). According to our scale (Table 4), the level of concurrent validity of the EWS is
high with the RTPE and moderate with the SHOP and VALPAR. Rustenburg et al.
(2004) examined the concurrent validity of the EWS and the EK. Twenty-five fire
fighters were assessed on the EWS and EK during lifting tests and the correlations
between the two FCEs, expressed as a Spearman’s Rank Correlation, varied between
0.49 and 0.66. Therefore, the concurrent validity is rated as low to moderate between
the EWS and EK.
Ergo-Kit:
No study was found on the reliability of the Ergo-Kit. Two studies were found on the
concurrent validity of the EK: one study on the concurrent validity of the EK and the
EWS (see EWS) (43) and one on the concurrent validity of the EK and the IWS (36). In
this study, IJmker et al. (2003) used 71 healthy subjects to compare the results of lifting
tests of the IWS and EK. The degree of concurrent validity was expressed using a
Pearson product–moment correlation and rated as moderate according to our quality
appraisal scale (r=0.72).
Isernhagen Work System (IWS):
The systematic literature search retrieved ten articles involving the IWS: five examined
its reliability and five its validity. In these five reliability studies, four outcomes
concerning the intrarater (test–retest) reliability were presented (31,33,40,41), and
three outcomes about the interrater reliability (33,37,40).
Four studies evaluated the intrarater reliability (test–retest) of the IWS. Brouwer et al.
(2003) used 30 patients with chronic low back pain to determine the intrarater (test–
retest) reliability of the whole IWS protocol (28 tests). The intrarater (test–retest)
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reliability was quantified with an intraclass correlation coefficient that was rated as
moderate (0.75≤ICC≤0.87). Gross and Battié (2001) used six different subtests of the
IWS to determine the intrarater reliability for 28 subjects with low back pain. The
intrarater reliability level was rated as moderate (all ICC≥0.78). Reneman et al. (2001a,
b) also determined the intrarater reliability of carrying and lifting tests in healthy (n=4)
and disabled (n=50) subjects and expressed the level of reliability with a percentage of
agreement (39) and an intraclass correlation coefficient (40) that were, respectively,
rated as high (% more than 93% for healthy subjects) and moderate (ICC ranged from
0.77 to 0.87 for disabled subjects) according to our scale (Table 4). To evaluate
intrarater reliability, it is important to choose an optimal time interval between test and
retest. This last one must not be too short, to avoid fatigue, memory or learning effects,
and not too long, to avoid genuine changes in performance (26,48). In any event,
examining critically the time interval used between test and retest in three of these four
studies, it should be concluded that no study used a proper and optimal procedure to
evaluate the intrarater reliability. Thus, no definitive conclusion on the level of intrarater
reliability of the IWS could draw from these studies.
Three studies evaluated the interrater reliability of the IWS. Gross and Battié (2001)
used six different subtests of the IWS to determine the interrater reliability for 28
subjects with low back pain. The interrater reliability was quantified with an intraclass
correlation coefficient, which is widely recognized as the best measure of interrater
reliability (28,49,50), and was rated, according to our scale, as high (all ICC≥0.95). This
result is in line with the findings reported by Isernhagen et al. (1999). They used three
male disabled subjects and 12 experts to measure the interrater reliability of three tests
of the IWS. The degree of interrater reliability was expressed with a Kappa coefficient
and was also rated as high (k=0.81). Reneman et al. (2002a) also determined the
interrater reliability of carrying and lifting tests in healthy subjects (n=4). They
expressed the interrater reliability with a percentage of agreement between raters that
was rated as high according to our scale, showing that five raters can reliably
determine the effort level during carrying and lifting tests of the IWS.
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The systematic literature search retrieved five studies on the validity of the IWS. In
these five validity studies, one outcome concerns the construct validity (34), two the
predictive validity (35,38) and two the concurrent validity (36,42).
IJmker et al. (2003) studied the concurrent validity of the IWS and the EK and the
results are reported beforehand (see EK). Reneman et al. (2002c) examined the
concurrent validity between the IWS and three self-report disability questionnaires
(RMDQ, OBPDS and QBPDS). They used 64 subjects with chronic low back pain to
compare the outcomes of these four assessments. The degree of concurrent validity
was given by different correlation coefficients (Spearman and Somer) that were rated
as low according to our scale. Gross and Battié (2004) examined the predictive validity
of the IWS for safe return to work using 226 patients with low back complaints. With a
retrospective cohort study, the authors concluded that the predictive validity of the IWS
for safe return to work was not supported. Matheson et al. (2002) determined the
predictive validity for return to work of five tests (three lifting capacity tests and two grip
force tests) for 650 subjects with functional limitations. Using a retrospective design,
they compared the test performances on the IWS between people who did return to
work and those who did not. For each test, the group that returned to work (n=349)
performed better on the test than those who did not return to work (n=301). The
authors reported that the lifting and grip tests could predict return to work (P<0.05).
However, this study does not mention any information on the sensitivity and specificity
of the measures used to predict return to work. Gross and Battié (2003) used 321
patients with low back complaints to evaluate the construct validity of the IWS and both
the Pain Disability Index (PDI) and a pain visual analogue scale (VAS). The
correlations of the IWS and the PDI (r=0.51) and the VAS (r=0.45) were rated as low to
moderate, showing that the IWS is poorly related to these pain rating scales.
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Discussion
In the present systematic literature search, we tried to identify the available evidence in
the literature on the reliability and validity of four FCEs: BS, EWS, EK and IWS. To
retrieve relevant literature, we used different electronic databases (CINAHL, Medline,
Embase, OSH-ROM and Picarta) and combined synonyms of functional capacity
evaluation with synonyms of reliability and validity. After the search in the electronic
databases and the application of the inclusion criteria, 14 original articles were
included. From these studies, one study was excluded as it did not evaluate one of
reliability types we were looking for, and one examining the ecological validity of the
IWS was also excluded as this form of validity appears not clearly defined. Then, we
finally included 12 original articles: one concerning the validity of the EWS, one
concerning the concurrent validity of the EWS with the EK, one concerning the
concurrent validity of the EK with the IWS, five concerning the reliability of the IWS and
four concerning its validity. No study concerning the reliability and validity of the BS,
EWS and EK was retrieved from the literature.
While a systematic search of the literature was performed, there may be a few potential
limitations of our review concerning the included articles. Even if we tried to identify all
relevant articles, there can be potential relevant articles that were omitted as other
articles may have used other keywords than the ones we defined and used in our
literature search. Other articles may also be written in languages other than English,
Dutch or French. However, considering the large definition of the keywords and
databases, we are in the opinion that the most relevant articles on the reliability or
validity of these FCEs should have been identified and selected from our systematic
literature search or from the bibliography screening of the reviews or original papers.
Our systematic literature search allows us to conclude that studies on the reliability and
validity of the BS, EWS and EK are lacking. Concerning the IWS, several authors
studied its intrarater and interrater reliability, and its construct, concurrent and
predictive validity. The interrater reliability and the predictive validity of the IWS have
been evaluated as moderate to good, while the procedures of the intrarater reliability
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studies were not considered rigorous enough to draw any conclusion. The construct
and concurrent validity of the IWS were not demonstrated.
For any kind of test or measurement, scientific acceptance should be achieved:
reliability and validity should be demonstrated. Overall, five issues must be addressed
in the selection and use of any functional test: safety, reliability, validity, practicality and
utility (51). This hierarchy requires that each of the factors must be addressed so that
the factors which are presented earlier are maintained: demonstration of acceptable
reliability is a precursor for demonstrating an instrument’s validity (28,48). If an FCE
measurement is not reliable, tests results are not consistent and it would be thus
impossible to demonstrate its validity (17). Therefore, any study concerning the validity
of one of the four FCEs should refer to or mention its reliability. Dusik et al. (1993),
IJmker et al. (2003) and Rustenburg et al. (2004) examined the concurrent validity of
the EWS and the EK without referring to any reliability study: no level of reliability of the
EWS and EK could be found. Regarding the studies on the validity of the IWS
(34,35,38,42), all authors did mention its level of reliability and refer to the studies in
their bibliography.
‘‘Concurrent validity’’ is defined as the correlation of a (new) instrument with a criterion
called ‘gold standard’, that is already established and assumed reliable and valid
(27,28). In the studies of Dusik et al. (1993), IJmker et al. (2003) and Rustenburg et al.
(2004), the use of the term concurrent validity appears inappropriate, as no gold
standard is available. Therefore, it would have been more suitable and pertinent to talk
about a comparison or correlation study instead of a concurrent validity study.
Furthermore, in a concurrent validity study, both measures (instrument and gold
standard) should be performed at the same point of time, thus concurrently, so to
reflect the same behaviour (26-28). In their studies, Dusik et al. (1993) and Rustenburg
et al. (2004) did not assess the different assessment methods at the same point of time
(concurrently), making their reference as concurrent validity studies even less suitable.
Functional capacity evaluations are principally used in rehabilitation and work disability.
In a rehabilitation context, physical therapists try to improve the physical abilities of
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patients who suffer from musculoskeletal injuries and disease. They generally use an
FCE as an instrument to evaluate a rehabilitation program or a treatment by measuring
the physical abilities of patients before and after this rehabilitation program. They use
FCE as a periodic examination to modify the treatment if necessary and to develop a
(new) rehabilitation strategy adapted to the current physical abilities of the patient.
From the FCE test results and their personal judgment and diagnosis, physical
therapists will decide whether a patient could reintegrate into the community or
workplace after injury or illness. In work disability, FCEs are used by occupational
therapists, insurance companies or rehabilitation counselors to help people suffering
from injuries or disease and to improve their ability to perform tasks in their working
environment. FCE test results are used to evaluate whether an injured worker can work
and when he can return to work. Furthermore, during a work disability claim, insurance
entities use FCEs to evaluate the percentage of work loss of an injured worker to
determine his work disability compensation. Thus, FCE test results can have large
financial consequences not only for the worker and his family, but also for governments
and insurance entities. As our systematic literature review showed, reliability and
validity of the BS, EWS and EK have not been demonstrated yet. For the IWS,
reliability is good. Therefore, we should be prudent with the use of one of these FCE
test results in rehabilitation and work disability, especially in claim procedures.
Although FCE methods such as the IWS look promising, and knowing that FCEs are
used mainly in rehabilitation and work disability to evaluate the physical abilities of
disabled people, more studies are needed to demonstrate the reliability and the validity
of these FCEs, using especially disabled subjects. These studies should also
concentrate on the definition and selection of appropriate procedure in order to
increase their methodological quality, allowing then to conclude objectively on the
reliability and validity of the BS, EWS, EK and IWS.
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Abstract
Objective
To evaluate the intra- and interrater reliability of tests from the Ergo-Kit FCE method
(EK) in adults without musculoskeletal complaints.
Design
Within-subjects design.
Setting
Academic Medical Center in the Netherlands.
Participants
Twenty-seven subjects without musculoskeletal complaints (15 males and 12 females).
Main Outcome Measures
Seven EK tests (2 isometric, 3 dynamic lifting, and 2 manipulation tests) were each
assessed three times (over a time interval of 4 days), twice by rater R1 and once by
rater R2. Intrarater reliability was calculated using the EK test scores assessed by R1.
Interrater reliability was calculated using the EK test scores assessed by R1 and R2.
Counterbalancing the rater order allowed the calculation of two interrater reliability
levels (at time intervals of 4 and 8 days). All reliability levels were expressed as IntraClass correlation coefficients (ICC).
Results
Intrarater and interrater reliability (8-day time interval) was high (ICC > .80) for the
isometric lifting tests, moderate (.50 ≤ICC≤.80) for the dynamic lifting tests and low
(ICC<.50) for the manipulation tests. The interrater reliability of the isometric and
dynamic lifting tests (4-day time interval) was high (ICC>.80), and it was moderate (.50
≤ICC≤.80) for both manipulation tests.
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Conclusions
The isometric and dynamic lifting tests of the EK have a moderate to high level of
reliability, while the manipulation tests have a low level of reliability.
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Introduction
The musculoskeletal system has been identified as a major cause of work-related
disorders and work loss throughout the world, particularly with regard to pain in the
lower back, neck, and upper and lower limbs (1-6). In the Netherlands, musculoskeletal
disorders accounted for 6% of all health care costs in 1996. In addition, 36% of all
people evaluated for work disability claims had either occupational disorders or injuries
that were related to the musculoskeletal system (7,8). In light of the enormous
economic and financial consequences for society, it is imperative that the functional
abilities of injured workers with musculoskeletal complaints are assessed.
Functional capacity evaluation (FCE) methods offer systematic, comprehensive, and
multifaceted ways to measure current physical abilities of people who commonly have
musculoskeletal complaints caused by work-related tasks (9-13). In the Netherlands,
the Ergo-Kit (EK) FCE method is principally used in physiotherapy (PT) and
rehabilitation centers to evaluate rehabilitation programs. It is also used in adjudicating
work disability claims. The EK reports the functional physical capacity of injured
workers objectively through the results of a battery of 55 standardized tests. It uses
measurements and observations to evaluate the performance of subjects in tasks of
both short and long duration (14). Data reported during the tests includes blood
pressure, heart frequency, load lifted, working height, working distance, manipulation
velocity, coordination, degree of pain, and fatigue. This information is used to assess
such work-related activities as reaching, lifting, carrying, and walking (14).
Before FCE methods can be legitimately applied in rehabilitation centers, their
psychometric properties should be defined (15-17). This is particularly important in
situations involving work disability claims because the test results can have major
financial consequences for workers as well as both governmental and insurance
entities. Innes and Straker (18,19) suggest that more research is needed in this area,
and Gardener and McKennac (20) argue that the lack of documented reliability and
validity diminishes the level of confidence in any FCE method. Although the EK is used
in rehabilitation and PT settings, it information is lacking about its psychometric
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properties. A systematic literature review by Gouttebarge et al. (21) failed to identify
any studies on the reliability of the EK, even though this psychometric property is
possibly the most important factor that determines the quality of a test measurement
(19,22,23). An assessment is considered reliable if its measurements are consistent,
free from significant random error, and repeatable over time and across evaluators
(24,25). Of the various definitions of reliability, intra- and interrater reliability are most
commonly associated with work-related assessment (19,26). Intrarater reliability (also
known as test-retest reliability, reproducibility, or repeatability) refers to the consistency
or stability of test outcomes from 1 testing occasion to another, under the assumption
that the characteristic being measured does not change over time (19,27). Intrarater
reliability is based on the estimation of variance due to subjects and to the
measurement of error (24). In FCE, test-retest reliability is essentially the same as
intrarater reliability because the rater’s skill affects the accuracy of the test assessment
(17). Interrater reliability refers to the consistency of measures or scores made by
raters, testers, or examiners on the same phenomenon (19,27). It is based on the
estimation of variances due to subjects, raters, and the measurement of error (24).
Reliability studies should address populations that are relevant for the implementation
of tests or instruments in the field. The EK has been used to assess subjects with and
without musculoskeletal complaints (eg, at the end of their rehabilitation programs).
Furthermore, it is unreasonable to assume that a test that is not reliable for healthy
subjects could be reliable for subjects with musculoskeletal complaints. Our purpose in
this study was to evaluate the intra- and interrater reliability of EK tests in adults without
musculoskeletal complaints.

Methods
Participants
Twenty-seven adults (15 men, 12 women) without musculoskeletal complaints
participated in this study. All were employed either part time or full time in a variety of
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professions. Their mean age was 40±16 years (range, 22–64y), mean height was
171±9cm (range, 157–193cm), and mean body weight was 69±12kg (range 48–90kg).
Table 1: Subject characteristics
Subjects

N=

Age (years)
Height (cm)
Mean SD
Range
Mean SD
176
7
41
16
22-64
15
Males
164
6
40
15
25-59
12
Females
171
9
27
2
22-30
15
18-30 years old
170
9
57
5
46-64
12
45-65 years old
171
9
40
15
22-64
27
Total
N, number of subjects; SD, standard deviation; cm, centimeters; kg, kilograms.

Range
164-193
157-176
157-193
158-185
157-193

Weight (kg)
Mean SD
76
11
60
7
66
11
72
13
69
12

Range
58-90
48-69
48-86
52-90
48-90

To be eligible to participate, subjects were required to meet the following inclusion
criteria: (1) no acute (at time of the assessment) or chronic (no more than 3 complaints
regarding the same body area in the past 3month) musculoskeletal complaints,28 and
(2) age between 18 and 30, or between 45 and 65 years. (The second requirement
was specified because people who are evaluated for work disability claims are usually
either younger than 30 or older than 45). To verify the inclusion criteria, each subject
completed a checklist prepared for that purpose. Prior to enrollment, and after receiving
verbal and written information on the study and procedures, subjects signed
statements of informed consent. Subjects were free to quit the study at any time. Table
1 lists the subjects general characteristics.

Raters
A list of all the 24 raters who were certified for EK assessment in the Netherlands was
obtained from the provider of this FCE method. All had completed the same training
program, which consists of 4 days of instruction in the method and 12 hours of practice.
Because the test assessments in this study were to be done in Amsterdam, 2 certified
raters (R1, R2) from the Amsterdam area were selected for practical reasons. Both had
between 3 and 4 years of experience in performing the EK assessments. We offered
raters a small financial compensation and their expenses could be reimbursed.
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Table 2: EK test predictors for lower extremity, back, and upper extremity complaints
Complaints:
Isometric strength
Manipulation ability
Dynamic strength

Lower extremity
Back-torso lift test (Btlt)
Lower manipulation test crouching
(Lmtc)
Carrying lifting strength test. (Clst).

Back
Back torso lift test (Btlt)
Forward manipulation test
(Fmt)
Lower lifting strength test (Llst)

Upper extremity
Shoulder lift test (Slt)
Forward manipulation test
(Fmt)
Upper lifting strength test. (Ulst)

Ergo-Kit tests: selection, description, and outcomes
From among the EK “physical agility” tests (manipulation, balance, strength, and
endurance tests) (14), predictors were selected for 3 types of complaints: back, upper
extremity, and lower extremity (table 2). Table 3 presents descriptions and outcomes of
the EK tests. Standardized procedures were performed as described in the EK
handbook (14). Figures 1, 2, and 3 illustrate 3 of the 7 tests. The provider of the EK did
not financially support this study.
Table 3: EK test descriptions and outcomes (14)
EK Test
Back-torso lift test
(Btlt)
Shoulder lift test
(Slt)
Forward manipulation test, standing
(Fmt)
Lower manipulation test, crouching
(Lmtc)
Carrying lifting strength test.
(Clst)
Lower lifting strength test
(Llst)
Upper lifting strength test
(Ulst)

Description
Use of a ‘Back and leg dynamometer’ fixed on platform, a
chain and a handle. Handle is set at patella height for Btlt
and at elbow height for Slt (Figure 1). Maximal pulling during
4 s, 2 tries per test
Use of a ‘Dexterity Ring’ (DR) fixed on shelves that can be
vertically adjusted on a stand. DR is set at chest height for
Fmt and at patella height for Lmtc. Screwing of 9 nuts and
bolts, and shifting them to another position on the DR while
maintaining standing posture for Fmt and crouching posture
for Lmtc (Figure 2).
Use of a stand with two vertically adjustable shelves, a box
with different weights and a step (20cm). Following a
standardized procedure, weight is added to the box (2.5, 5,
7.5 or 10 kg) depending on the task’s coordination, subject’s
perception of the weight of the box, and (possible) subject
complaints. 4-6 carries 5 m for Clst, 4-6 lifts from knuckle
height to step for Llst (Figure 3) and 4-6 lifts from knuckle to
acromion height for Ulst

Outcome
Maximal isometric lift
capacity (kg)

Time needed to
complete manipulations
(s)

Maximal safe weight for
lifting (kg)

Procedures
We used a within-subjects design to assess intra- and interrater reliability. Each subject
was assessed on the EK at 3 different times (t1, t2, t3) twice by rater R1 and once by
rater R2. Both raters were blinded to the other’s test results, and rater R1 was blinded
to his prior test results during the second test assessment. A time interval of 4±1 days
was used between t1 and t2 and between t2 and t3, and a time interval of 8±2 days
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Figure 1: Shoulder lift test

Figure 2: Lower manipulation test,
crouching

Figure 3: Lower lifting strength test
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was used between t1 and t3. We assumed that the subjects’ health status would be
relatively stable between tests. Each subject was assessed at the same time of day as
in the original test to avoid any effects related to a change in the time (29).
As specified in the EK protocol,7 the 7 tests were administrated in the following order:
the isometric lifting tests (back-torso lift test [BTLT]; shoulder lift test [SLT]); the
manipulation tests (forward manipulation test [FMT]; lower manipulation test crouching
[LMTC]); the dynamic lifting tests (carrying lifting strength test [CLST]; then the lower
lifting strength test [LLST]; and the upper lifting strength test [ULST]).
We formed 3 groups of 9 subjects, according to the availability of the subjects. Each
group was assessed on the EK with a counterbalanced order of raters. Table 4
illustrates the counterbalanced design.
Table 4: Counterbalanced within and between subjects design for 27 participants (1 to 27)
Group
Subjects
t1
A
1,4,7,10,13,16,19,22,25
R1
B
2,5,8,11,14,17,20,23,26
R1
C
3,6,9,12,15,18,21,24,27
R2
t1, test session 1; t2, test session 2; t3, test session 3; R1, rater 1; R2, rater 2.

t2
R1
R2
R1

t3
R2
R1
R1

Data analysis
Means, standard deviations (SDs), and ranges were calculated for each EK test by the
raters (at t1, t2, and t3).
The levels of intra- and interrater reliability were expressed as intraclass correlation
coefficient (ICC) (17,30,31), and a 95% confidence interval (CI) was calculated for each
ICC. The coefficients were calculated using the ICC model 2.1.A for agreement, based
on a 2-way analysis of variance, as defined by Shrout and Fleiss (32). The level of
intrarater reliability was determined using the EK test scores assessed by the same
rater (R1) at 2 different times. Two interrater reliability levels were determined using the
EK test scores assessed by raters R1 and R2. One interrater reliability level was
calculated with a time interval of 4 days, based on 27 subjects from groups A, B, and C
(See table 4). A counterbalanced order was applied within group B (subjects 5, 11, 17,
and 23 using assessments by R1 at t1 and by R2 at t2; and subjects 2, 8, 14, 20, and
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26 using assessments by R2 at t2 and R1 at t3). A second interrater reliability level was
calculated with a time interval of 8 days, based on 18 subjects from groups A and C
(see table 3).
The ICC values were interpreted as follows (17,19,33,34):
(1) ICC means and/or CI lower bounds below 0.50 were considered low,
indicating a low level of reliability;
(2) ICC means and/or CI lower bounds between 0.50 and 0.80 were considered
moderate, indicating a moderate level of reliability;
and (3) ICC means and CI lower bounds greater than 0.80 were considered
high, indicating a high level of reliability.
All analyses were performed with the statistical analysis software SPSS, version 11.5,
for Windows.

Results
Intrarater reliability
All subjects were able to complete all 3 EK test sessions. Table 5 presents average
scores, SDs, and ranges in scores for all 7 EK tests, with regard to test and retest,
ICCs, and corresponding 95% CIs. The mean ICCs of the BTLT and the SLT were 0.96
and 0.93, respectively, with corresponding CI lower bounds of 0.91 and 0.85,
respectively, which are considered high. For the EK dynamic lifting tests, the mean
ICCs of the CLST, LLST, and ULST were 0.88, 0.86, and 0.84, respectively, with
corresponding CI lower bounds of 0.75, 0.72, and 0.69, respectively, which are
considered moderate. The mean ICCs for the 2 EK manipulation tests (eg, FMT,
LMTC) were 0.76 and 0.55, respectively, with corresponding CI lower bounds of 0.46
and 0.21, respectively, which are considered low.
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N=

Rater 1
Rater 2
ICC
Mean SD
Range
Mean SD
Range
0.96
77.2 31.5
28.5 - 144.0
77.7 33.2
29.5 - 134.5
18
Back-torso lift test (kg)
0.95
44.3 17.0
27.5 - 79.5
41.9 18.3
22.5 - 78.5
18
Shoulder lift test (kg)
0.91
26.7
9.5
10.0 - 42.5
24.6
7.9
10.0 - 37.5
18
Carrying lifting strength test (kg)
0.92
25.7
8.6
10.0 - 42.5
24.3
8.3
10.0 - 40.0
18
Lower lifting strength test (kg)
0.91
16.7
5.1
7.5 - 27.5
15.1
4.1
10.0 - 22.5
18
Upper lifting strength test (kg)
0.53
159.4 22.6 111.8 - 196.6
166.1 39.5 123.8 - 266.3
18
Forward manipulation test (s)
0.62
148.1 18.8 104.7 - 179.8
155.6 34.5 122.1 - 270.0
18
Lower manipulation test (s)
N, number of subjects; SD, standard deviation; ICC, Intra-Class correlation coefficient; CI, confidence interval; kg, kilograms; s, seconds

Tests

Table 7: Test scores assessed by R1 and R2 (time interval of 8 days) and interrater reliability levels

N=

Rater 1
Rater 2
ICC
Mean SD
Range
Mean SD
Range
0.96
78.3 29.5
28.5 - 144.0
77.2 30.5
26.5 - 132.5
27
Back-torso lift test (kg)
0.94
46.5 16.8
27.5 - 79.5
43.5 16.8
22.5 - 74.5
27
Shoulder lift test (kg)
0.93
28.0
8.4
10.0 - 42.5
26.9
7.8
12.5 - 40.0
27
Carrying lifting strength test (kg)
0.95
27.6
7.9
10.0 - 42.5
26.7
8.3
10.0 - 40.0
27
Lower lifting strength test (kg)
0.94
17.9
4.9
7.5 - 27.5
17.2
4.7
10.0 - 27.5
27
Upper lifting strength test (kg)
0.88
161.2 28.7 111.8 - 265.7
157.1 27.2 114.6 - 230.2
27
Forward manipulation test (s)
0.90
147.3 21.3 104.7 - 212.6
145.5 18.8 114.0 - 202.9
27
Lower manipulation test (s)
N, number of subjects; SD, standard deviation; ICC, Intra-Class correlation coefficient; CI, confidence interval; kg, kilograms; s, seconds.

Tests

Table 6: Test scores assessed by R1 and R2 (time interval of 4 days) and interrater reliability levels

N=

Test
Retest
ICC
Mean SD
Range
Mean SD
Range
0.96
78.1 30.6
34.0 - 132.5
77.7 30.7
26.5 - 134.5
27
Back-torso lift test (kg)
0.93
44.5 16.3
23.5 - 78.5
42.1 17.2
22.5 - 73.5
27
Shoulder lift test (kg)
0.88
27.0
7.4
12.5 - 40.0
26.9
8.2
10.0 - 40.0
27
Carrying lifting strength test (kg)
0.86
26.7
8.4
10.0 - 40.0
26.7
7.9
10.0 - 40.0
27
Lower lifting strength test (kg)
0.84
17.1
4.5
10.0 - 27.5
16.4
4.6
10.0 - 25.0
27
Upper lifting strength test (kg)
0.76
155.3 29.0 113.6 - 230.2
167.2 36.5 114.6 - 266.3
27
Forward manipulation test (s)
0.55
144.2 19.5 119.5 - 202.9
156.3 30.6 114.0 - 270.0
27
Lower manipulation test (s)
N, number of subjects; SD, standard deviation; ICC, Intra-Class correlation coefficient; CI, confidence interval; kg, kilograms; s, seconds.

Tests

Table 5: Test-retest results and intrarater reliability levels

ICC 95% CI
Lower - Upper
0.90 - 0.98
0.88 - 0.98
0.75 - 0.97
0.79 - 0.97
0.67 - 0.97
-0.27 - 0.82
0.01 - 0.85

ICC 95% CI
Lower - Upper
0.91 - 0.98
0.87 - 0.97
0.85 - 0.97
0.89 - 0.98
0.88 - 0.97
0.74 - 0.94
0.78 - 0.95

ICC 95% CI
Lower - Upper
0.91 - 0.98
0.85 - 0.97
0.75 - 0.94
0.72 - 0.93
0.69 - 0.92
0.46 - 0.89
0.21 - 0.77
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Interrater reliability (time interval of 4 days)
Table 6 shows mean scores, SDs, and ranges in scores for all 7 EK tests for both
sessions (as assessed by the 2 raters), along with their ICCs and corresponding 95%
CIs. For all 7 tests, the difference in mean scores between the test sessions was
smaller and higher for rater R2 than for rater R1. The mean ICC values of EK isometric
and dynamic lifting tests calculated for interrater reliability ranged from 0.93 to 0.96,
and the corresponding CI lower bounds ranged between 0.85 and 0.91, indicating a
high level of interrater reliability. The mean ICC for the forward and lower manipulation
tests were 0.88 and 0.90, respectively, with corresponding CI lower bounds of 0.74 and
0.78, respectively, which are considered moderate.

Interrater reliability (time interval of 8 days)
Table 7 presents average in scores, SDs, and ranges in scores for all 7 EK tests for
both sessions (as assessed by the 2 raters), their ICCs and corresponding 95% CIs.
For both EK isometric strength tests (BTLT, SLT), the level of interrater reliability was
high, as their mean ICCs were 0.96 and 0.95, respectively, and their CI lower bounds
were 0.90 and 0.88, respectively. The mean ICCs for the 3 EK dynamic strength tests
were almost identical: 0.91 for the CLST and the ULST, and 0.92 for the LLST, with
corresponding CI lower bounds of 0.75, 0.79, and 0.67, respectively, which are
considered moderate. The mean ICC for the EK manipulation ability tests (0.53 for the
FMT, 0.62 for the LMTC) and CI lower bounds (-0.27 for the FMT, 0.01 for the LMTC)
indicate a low level of interrater reliability.

Discussion
This study was performed to establish the intra- and interrater reliability of 3 groups of
EK tests, using a within-subjects design on adults without musculoskeletal complaints.
Intrarater reliability (mean time interval, 5d) was high for the BTLT and SLT, moderate
for the CLST, LLST, and ULST, and low for the FMT and LMTC. Interrater reliability
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with a 4-day time interval was high for the EK isometric and dynamic lifting tests, and
moderate for both EK manipulation tests. Interrater reliability with an 8-day time interval
was high for the BTLT and SLT, moderate for the CLST, LLST, and ULST, and low for
the FMT and LMTC. These outcomes show that the EK isometric and dynamic lifting
tests have a moderate to high level of reliability, while the EK manipulation tests have a
low level of reliability.
As with any scientific study, the outcomes of a reliability study rely on the definition and
set-up of its procedure, in terms of population, design, time interval, and statistics. With
regard to these methodological and procedural aspects, it is important to discuss
potential sources of bias in this study. First, the subject populations in reliability studies
should be relevant to the types of tests or instruments to be used. The EK is used
during rehabilitation to measure fitness for return to work and in work disability claims,
and is used principally to assess working subjects with and without musculoskeletal
complaints (eg, at the end of rehabilitation programs). Absenteeism from work is
particularly prevalent among people who have worked for only a few years (<30y) or
those above the age of 45 (7,35). Furthermore, it is unreasonable to assume that a test
that is not reliable for subjects without musculoskeletal complaints could be reliable for
subjects with such complaints. It is therefore appropriate to use a heterogeneous group
of working subjects without musculoskeletal complaints (favoring even more a steady
state in health status) who are younger than 30 or older than 45 years. Second, our
study used a counterbalanced design in order to neutralize the importance of rater
testing order. With this design, we also sought to avoid bias from carry-over effects that
could influence the data analyses. The influence of the learning effect on the
participants due to baseline assessment is limited by a counterbalanced design; the
first test session was not always considered for intrarater reliability, and the order of
raters was not always the same for interrater reliability. Finally, a methodologic aspect
that appears as a major issue in reliability studies (for both intra- and interrater
reliability), and one that merits discussion, is the time interval chosen between the
different tests assessments. To our knowledge, there is no criterion standard for the
time interval between test and retest. Some authors (23,24,36) suggest that a time
interval ranging from a few days to a few weeks could be used for functional
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assessment methods. The objective in defining a good time interval is to recreate the
conditions of the first test moment (steady state) for the readministration of the test.
This time interval should not be too short, in order to avoid carryover effects due to the
subjects’ learning capacity and avoid giving them enough time to recover fully from the
prior test assessment. The time interval should also not be too long, however, in order
to assure that the health status of the subjects has not changed between test sessions.
In this study, it remains an open question whether another time interval between the
test sessions could have further decreased or completely avoided the carry-over
effects. We chose a time interval of 4 days for this study because it was assumed to be
optimal from a physiologic point of view. Healthy subjects should be able to recover
fully from the prior tests within 4 days, as the recovery from short maximum exercises
is assumed to be completed within 1 or 2 days (37,38). Reneman et al. (39) even
questioned the usefulness of conducting 2 FCE assessments within 2 days.
Furthermore, carry-over effects from practice and/or recovery would be trivial within this
time interval.
Both EK isometric lifting tests (BTLT, SLT) were highly reliable, which is in line with
results of studies by Horneij (40) and Essendrop (41) and colleagues. They studied the
intra- and interrater reliability of isometric muscular strength tests and found an
excellent level of reliability. The influence of the rater and of the subjects’ perceptions
of the weight of the box is important in determining the consecutive steps (amount of
weight added to the box) during the 3 EK dynamic lifting tests (CLST, LLST, ULST).
This may introduce variation in test outcomes. A high level of interrater reliability (time
interval, 4d) was found for all 3 tests, however, suggesting that the raters’ ability to
make appropriate observations, to assess the appropriate steps during the tests, and to
evaluate whether the lifting tasks were well coordinated (safely or not safely) was
reliable, which is in agreement with other studies (20,42). Studies by Isernhagen (43)
and Reneman (44) and colleagues found a high level of interrater reliability among
observer judgments during lifting tests assessed with the Isernhagen Work System
(IWS) FCE method. The reliability of dynamic lifting tests has been addressed only with
others types of lifting tests (11,40,45), and was also rated as moderate to high.
Furthermore, Gross and Battie (46) and Brouwer (47) and Reneman (39) and
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colleagues found high levels of intra- and interrater reliability in their assessments of
the reliability of dynamic lifting tests using the IWS FCE method.
Both EK manipulation tests (FMT, LMTC) are based on subjects’ ability to work as
quickly as possible with their hands and fingers. Because subjects must perform the
manipulations with the hand/wrist in awkward positions (for both tests) and while
crouching (for LMTC), long-lasting position tolerance is also relevant, although it is not
evaluated as an outcome measure. Tuckwell et al. (11) studied the test-retest and
interrater reliability of position tolerance (sitting, standing, kneeling) and found a
moderate level of reliability for standing. For intrarater reliability, the subjects’
performance at retest in both EK manipulation tests is likely to be affected by a learning
effect. The ability to move the nuts and bolts increased after the first test, which
explains the large variation between the 2 test sessions. For interrater reliability, the
influence of rater order was avoided with a counterbalanced design, which can be seen
in the outcomes, as the variations were less important than they were for intrarater
reliability. To avoid carry-over effects resulting from the subjects’ learning ability, future
assessments could include 1 or 2 training sessions on both EK manipulation tests prior
to baseline measurement. In addition to carry-over effects, the issue of motivation
could explain some of the variance in test performance observed within subjects.
These EK manipulation tests were assessed 3 times with subjects in an uncomfortable
position for several minutes. This may have had a negative influence on the motivation
of the subjects to perform maximally at subsequent test sessions, resulting in
submaximal efforts.
The best test predictors for back, upper-, and lower-extremity complaints were selected
from among all of the EK tests (see table 2). One conclusion of this study is that the EK
manipulation tests should not be used as predictors for back, lower-, or upper-extremity
complaints. The BTLT and LLST should be maintained as predictors for back
complaints, the BTLT and CLST for lower-extremity complaints, and the SLT and ULST
for upper-extremity complaints.
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At present, and to the best of our knowledge (21), this is the first study on the intra- and
interrater reliability of the EK tests. Additional studies focusing on interrater reliability
are needed. We recommend including subjects with musculoskeletal complaints, taking
into account the fact that recovery time may be longer for disabled subjects.
Furthermore, the health status of disabled subjects is not as stable as it is for healthy
subjects, making the choice of an optimal time interval more crucial and challenging.
Once reliability has been demonstrated, the validity and responsiveness of the EK tests
should be established before implementing them in rehabilitation programs or for return
to work and work disability claims.

Conclusion
The intra- and interrater reliability (time interval, 8d) of the EK tests was high for the
BTLT and SLT, moderate for the CLST, LLST, and ULST, and low for the FMT and
LMTC. The level of interrater reliability with a time interval of 4 days was high for the
EK isometric and dynamic lifting tests and moderate for the EK manipulation tests
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Abstract
Objective
To assess interrater reliability and agreement of five Ergo-Kit (EK) FCE lifting tests in
subjects with low back pain.
Design
Within-subjects design, with two repeated measurements.
Setting
Academic Medical Center in the Netherlands.
Participants
Twenty-four subjects with low back pain (10 males and 14 females).
Main Outcome Measure
Five EK lifting tests (two isometric and three dynamic) were assessed on two
occasions, t1 and t2, by two different raters, R1 and R2. The time interval between both
test sessions was three days. Interrater reliability level was expressed with Intra-Class
Correlation Coefficient (ICC) and level of agreement between raters with Standard
Error of Measurement (SEM).
Results
ICCs means (reliability) of isometric and dynamic EK lifting tests ranged from .94 to
.97, and SEMs values (agreement) ranged from 1.9 to 8.6 kg.
Conclusions
The reliability and agreement between raters of the isometric and dynamic EK lifting
tests is good in subjects with low back pain, supporting the use of these tests in
practice to assess functional lifting capacity.
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Introduction
Low back pain (LBP) is recognized as a major public health problem throughout the
world. In fact, it is the most common and most costly musculoskeletal disorder in all
industrialized countries (1-4). The sickness-related absences and work disability claims
resulting from LBP place a tremendous Financial strain on patients and their
communities (5-10). Given this condition’s social impact and its financial ramifications
for society, professionals in work disability and rehabilitation care need clinical
instruments to accurately assess the functional capacity of LBP patients and thus
enhance the effectiveness of the return to work process.
Clinical instruments are principally used to measure relevant changes in people over
time (11). The purpose of functional capacity evaluation (FCE) methods is to provide
comprehensive, performance-based assessments that measure the current functional
physical abilities of people with musculoskeletal complaints (12-16). In the Netherlands,
the Ergo-Kit is an FCE method devised to report the functional physical capacity of
workers. The Ergo-Kit relies on a battery of standardized tests that reflect work-related
activities such as standing, walking, lifting, carrying, and reaching (17).
As with any clinical test or instrument, the clinimetric properties of the Ergo-Kit must be
defined before it can be legitimately applied for discriminative or evaluative purposes
(18-20). Clinimetric properties, also referred to as psychometric properties (21), reflect
the quality of clinical measurements and are crucial in selecting and using
instruments— either for clinical practice or research (22,23). Several studies have
shown that despite their use in both evaluative and discriminative settings, there is little
information currently available about the clinimetric properties of FCE methods
(including the Ergo-Kit), such as their reproducibility, reliability, responsiveness, and
validity (16,24-29). Reproducibility is a major quality indicator (26,30,31) and relates to
2 concepts that are not always differentiated from each other: reliability and agreement
(23). Reliability refers to the test’s ability to distinguish one subject from another despite
any measurement errors. Agreement, on the other hand, concerns the absolute
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measurement error, as it evaluates how close the scores are in repeated
measurements (23,32).
Reproducibility studies should address populations that are relevant to the
implementation of tests or instruments in the field (33). The reliability of the Ergo-Kit
isometric and dynamic lifting tests has been assessed in adults with no
musculoskeletal complaints (34), but they should also be evaluated in subjects who do
report these complaints. It is also important to establish interrater reliability and
agreement to ensure adequate and meaningful interpretation of variations in the test
measurements of different raters (35). In this study, we evaluated the reproducibility (ie,
reliability and agreement between raters) of the Ergo-Kit isometric and dynamic lifting
tests in subjects with LBP.

Methods
Participants
Fourteen physiotherapy (PT) centers in the southern section of Amsterdam were
contacted for permission to recruit patients from their practices. All patients were
initially contacted by their physiotherapists, who briefly explained the experimental
procedures. The patients interested in participating received a folder containing
detailed information on the study protocol and were asked to contact the first author
(VG). Participant eligibility was determined through telephone interviews, during which
potential subjects were asked several questions that were intended to determine
whether the subjects met the 3 inclusion criteria: (1) age between 18 and 65 years, (2)
had LBP in the last 3 months, and (3) because of LBP, had limited physical capacity in
daily activities at home and at work. We defined LBP as 1 or more episodes of pain or
stiffness in the low back area within the past 3 months that lasted for a minimum of 7
consecutive days. A power analysis (confidence interval [CI] method with confidence
level of .95, correlation coefficient sets at .90 and limit at .80) indicated that 23 subjects
were required for the study. Prior to enrollment, subjects received verbal and written
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information on the study procedures and signed statements of informed consent. In
addition, the subjects were free to withdraw from the study at any time. The study was
performed in accordance with the Declaration of Helsinki and was approved by the
Medical Ethics Committee of the Academic Medical Centre in Amsterdam.

Ergo-Kit tests: selection, description and outcomes
The standard protocol of the Ergo-Kit assesses 55 subtests, and takes approximately 3
hours to complete. Of the 7 Ergo-Kit physical agility tests concerned with manipulation,
balance, strength, and endurance tests that are associated with musculoskeletal
complaints, 2 have been shown to be unreliable in adults without musculoskeletal
complaints (34). Consequently, we used only 5 of the lifting tests in this study (fig 1).
Two were isometric lifting tests: a back-torso lift test (BTLT) and a shoulder lift test
(SLT). The other 3 were dynamic lifting tests: carrying lifting strength test (CLST), lower
lifting strength test (LLST), and upper lifting strength test (ULST). Table 1 presents
Ergo-Kit lifting test descriptions and outcomes. Standardized procedures were
performed as described in the Ergo-Kit handbook (17). The Ergo-Kit protocol normally
includes 2 tests on the Jamar hand dynamometer, 4 reach tests, and 5 manipulation
tests between these 5 lifting tests. The testing order for the 5 lifting tests was not
modified.

Table 1: EK test descriptions and outcomes (17)
EK Test
Back-torso lift test (Btlt)
Shoulder lift test (Slt)
Carrying lifting strength test.
(Clst)
Lower lifting strength test
(Llst)
Upper lifting strength test
(Ulst).

Description
Use of a “back and leg dynamometer” fixed on a platform, a
chain and a handle. Handle is set at patella height for BTLT
(fig 1A) and at elbow height for SLT (fig 1B). Maximal pulling
during 4 s, 2 tries per test.
Use of a stand with two vertically adjustable shelves, a box
with different weights and a step (20cm). Following
standardized procedure, weight is added to the box (2.5, 5,
7.5 or 10 kg), depending on the subject’s coordination in the
task, subject’s perception of the weight of the box, and
subject complaints. 4_6 carries 5 m for CLST (fig 1C), 4-6
lifts from knuckle height to step for LLST (fig 1D) and 4-6 lifts
from knuckle to acromion height for ULST (fig 1E).

Outcome
Maximal isometric lift
capacity (kg)

Maximal safe weight for
lifting (kg)
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Figure 1: Five Ergo-Kit lifting tests: (a) Back-torso lift test (Btlt), (b) Shoulder lift test (Slt), (c)
Carrying lifting strength test (Clst), (d) Lower lifting strength test (Llst) and (e) Upper lifting
strength test (Ulst).

(a)

(c)

(b)

(d)

(e)

Raters
A list of the 32 available raters in the Netherlands who were certified for Ergo-Kit
assessment was obtained from the provider of this FCE method. All had completed the
same training program, which consisted of 4 instruction days and at least 12 hours of
practice. Because the test assessments were to take place in Amsterdam, selection
was limited—for practical reasons— to raters who worked within a 40-km radius of the
city. This left 3 raters, 2 of whom were selected at random and agreed to participate.
Both raters (R1, R2) had between 4 and 5 years of experience performing the
assessments. The raters received financial compensation and travel reimbursement for
their participation.
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Procedure
We used a within-subjects design to assess reliability and agreement. Each subject
was assessed at 2 different times (t1, t2) by the 2 different raters (R1, R2). Raters
assessed all subjects independently and were blinded to the other’s test results. The
time interval between t1 and t2 was set at 3 days, as this was considered sufficient to
prevent carry-over effects and to give subjects time to recover from the first
assessment (36-38). In addition, each subject was assessed at the same time of the
day (39). Subjects were divided into 2 groups, based on their availability, and the raters
assessed both groups in counterbalanced order: 1 subject group was assessed at t1 by
R1 and at t2 by R2, and 1 group at t1 by R2 and at t2 by R1. Prior to the second
assessment, all subjects were asked whether they had recovered satisfactorily from the
first assessment. If they had not, they were not allowed to undergo the second
assessment, but were permitted to participate in 2 new test sessions at a later date.

Low Back Pain: pain intensity and disability
Before both assessments, the patients were asked to complete an existing Dutch
translation of the Von Korff questionnaire (40) about their LBP and related disability.
This was done to permit us to evaluate whether their health status had changed
between t1 and t2. The Von Korff questionnaire has shown a moderate-to-good
correlation with other self-reported disability instruments such as the Medical Outcome
Study

36-Item

Short-Form

Health

Survey

and

the

Roland-Morris

Disability

Questionnaire; it has been evaluated as reliable and valid in study samples similar to
the one in this study (41,42). The Von Korff questionnaire assesses pain and disability
experienced in the past 6 months; therefore in order to fit our inclusion criteria, we
adjusted it to consider only a 3-month prevalence of LBP and disability. Current pain
intensity was assessed with 3 questions that were scored on a scale of 0 (no pain) to
10 (the worst pain possible). Disability due to LBP was assessed with 4 questions
about the number of days the subjects were disabled and their ability to perform
activities and/or work (scored on a scale of 0 to 10). Two total scores were calculated:
a 0 to 100 pain intensity score based on the mean of the pain intensity questions
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multiplied by 10, and a 0 to 100 disability score based on the mean of the disability
questions multiplied by 10 (40).

Kinesiophobia and Low Back Pain
Subjects were asked to fill in the Dutch version of the Tampa Scale of Kinesiophobia
(TSK) (43) to assess their fear of reinjury caused by physical movement and activity.
The TSK covers 17 items, each of which is scored on a 4-point Likert scale ranging
from “strongly disagree” to “strongly agree.” For each subject, a total score ranging
from 17 to 68 was calculated after inversion of the individual scores for items 4, 8, 12,
and 16. The TSK has shown good reliability and validity in different study populations
(44,45). The TSK was completed after each test session to avoid eventual effects on
subjects’ performance provided by the assessment of this questionnaire.

Data analysis
Means, standard deviations (SDs), and ranges were calculated for each test for raters
1 and 2. The level of reliability was expressed with an intraclass correlation coefficient
(ICC) (20,46,47) and determined with the test scores assessed by the 2 raters. We
used the ICC model 2.1.A, based on a mixed 2-way analysis of variance, as defined by
Shrout and Fleiss (48). The 95% CI was calculated for each ICC mean. The ICC and
95% CI values were evaluated as follows (20,26,49,50): “low” reliability when ICC
means and/or CI lower bounds were lower than 0.50; “moderate” reliability when ICC
means and/or CI lower bounds ranged from 0.50 to 0.80; and “high” reliability when
ICC means and CI lower bounds were greater than 0.80. To assess the raters’ stability
in repeated measurements over time and to gain an insight into the clinical relevance of
the Ergo-Kit lifting tests, agreement was expressed with the standard error (SE) of
measurement (SE of measurement = √ [var(raters) + var(error)] or SE of measurement
= SD X √[1 – ICC]) and its 95% CI (95% CI = 1.96 X SE of measurement) (20,33).
Using a general linear model, we calculated 3 different components of variation,
variance between subjects (var[subjects]), variance between raters (var[raters]), and
variance due to measurement error (var[error]). To explore the stability of the patients’
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health status from 1 test to another, their mean scores for LBP pain intensity and
related disability (disability score), and kinesiophobia were calculated from the Von
Korff questionnaire and TSK at t1 and t2. For these 3 variables, statistical differences
between t1 and t2 were explored with paired t tests. All analyses were performed with
the statistical analysis software SPSS for Windows.

Results
Participant characteristics
Twenty-five subjects with LBP (11 men, 14 women) were recruited for this study. All
subjects were working either part-time or full-time in a variety of professions. One
subject was not able to perform the second test assessment because he did not
recover properly from the first test. The subjects’ mean age ± SD was 49±8 years
(range, 34–63y), their mean height was 175cm (range, 158–195cm), and their mean
body weight was 78kg (range, 48–97kg). There were few differences between t1 and t2
in terms of the subjects’ LBP pain intensity (P=.003) and related disability, and their
subjects’ TSK mean scores (table 2). These small differences in average pain intensity,
average disability, and average TSK scores, however, do not appear to be clinical
relevant changes within subjects from 1 test session to another.

Table 2: Mean (SD) scores and observed differences of LBP pain intensity, disability and
kinesiophobia
Items

N

t1
Mean

t2
SD

Mean

|D|

P Values

SD

Pain intensity, 0-100
24
62.7
19.9
56.2
19.1
6.5
.003
Disability score, 0-100
24
46.4
29.5
41.0
26.0
5.4
.141
TSK total score, 17-68
24
39.3
6.7
40.2
6.2
0.9
.369
N, number of subjects; t1, test session 1; t2, test session 2; SD, standard deviation; |D|, absolute difference between t1
and t2.
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Reliability
Table 3 presents the averages, SDs, and ranges in scores for all 5 Ergo-Kit tests for
both sessions assessed by the raters, their mean ICCs, and corresponding 95% CIs.
The level of interrater reliability was high for both isometric strength tests (BTLT, SLT),
as their mean ICCs were 0.97 and 0.96, respectively, with CI lower bounds of 0.94 and
0.91, respectively. The mean ICCs for the 3 dynamic strength tests were 0.95 for the
CLST and the ULST, and 0.94 for the LLST. The corresponding CI lower bounds (0.84,
0.89, and 0.85, respectively) are considered highly reliable.

Variation component
The variation components (between subjects, between raters, systematic error) for all 5
tests are presented in table 4. Given the ratio between all 3 variation components in all
5 tests, var[raters] is relatively small, whereas var[subjects] is relatively high.

Agreement
Table 4 presents the SE of measurement and the 95% CI for each test, which offers a
clear picture of the agreement between the raters. The SE of measurements,
expressed in kilograms, are small, especially given the mean values of the different
tests (see table 3). For instance, the BTLT mean score from both test assessments
approaches 64kg, its SE of measurement 8.6kg, and its CI 47 to 81kg. This indicates
that an increase or decrease of 17kg from the observed score cannot be interpreted as
a change resulting from a measurement error.

Discussion
Our purpose in this study was to evaluate the reliability and agreement between 2
raters of 5 Ergo-Kit lifting tests in subjects with LBP. For both of the isometric lifting
tests, reliability between raters was considered high, a finding that is in line with other
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N

Rater 1
Mean SD
Range

Rater 2
Mean SD
Range
.97
.96
.95
.94
.95

ICC
.94 - .99
.91 - .98
.84 - .98
.85 - .97
.89 - .98

ICC 95% CI
Lower - Upper

Tests (kg)
N=
VAR[subjects]
VAR[raters]
VAR[error]
SEM
SEM 95%CI
Back-torso lift test
24
1444.90
0.36
72.66
8.6
X ± 16.7
Shoulder lift test
24
324.65
-0.16*
25.06
5.0
X ± 9.8
Carrying lifting strength test
24
101.40
2.50
8.83
3.4
X ± 6.6
Lower lifting strength test
24
105.92
1.68
11.87
3.7
X ± 7.2
Upper lifting strength test
24
37.55
-0.16*
3.93
1.9
X ± 3.8
N, number of subjects; VAR[subjects], variance between subjects; VAR[raters], variance between raters; VAR[error], error variance; SEM, Standard error of measurement;
CI, confidence interval; X, observed test score; *, treat negative variance components as though they are zero.

Table 4: Variation components and indicators of agreement per EK test

Back-torso lift test
24
65.9 38.3 20.5 – 180.5
63.3 39.5 12.5 – 177.5
Shoulder lift test
24
37.6 18.3 14.0 - 72.0
38.9 19.1 10.0 - 76.5
Carrying lifting strength test
24
24.5
9.7 10.0 - 47.5
22.1 11.2
7.5 - 47.5
Lower lifting strength test
24
23.8 11.1
7.5 - 47.5
21.8 10.6
7.5 - 47.5
Upper lifting strength test
24
17.0
6.3
7.5 - 32.5
17.1
6.6
7.5 - 30.0
N, number of subjects; SD, standard deviation; ICC, Intra-Class correlation coefficient; CI, confidence interval; kg, kilograms; s, seconds.

Tests (kg)

Table 3: Test scores assessed by R1 and R2 (time interval of 3 days) and interrater reliability levels
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studies (51-54). The 3 dynamic lifting tests were also found to be highly reliable. The
ICC is an accepted measure of reliability when it comes to the discriminative capacity
of a test. ICC values are sensitive to the heterogeneity of the study population: when
measurement error variability is small compared to the performance variability between
subjects, ICC values can be high, approaching 1, as they did in this study. The SDs in
all 5 tests were high, showing significant variability in test scores between subjects.
Our findings in this study are in line with reliability studies of other types of lifting tests
(14,27,52,55-57), but especially of another FCE method, the Isernhagen Work System
(IWS) (29,58-62). The methods differ in their design (material used and needed) and
assessment method (step-by-step test protocol to get the end point of the lifting tests).
The IWS uses a kinesiophysical approach, relying on the therapist’s expertise
(observations) to determine maximum lifting capacity rather than on patient reports
(pain, discomfort), while the Ergo-Kit is based on both the therapist’s expertise and
patient reports. It is possible, however, to draw comparisons of studies of both lifting
tests because dynamic lifting capacity seems to be the construct being measured in
both Ergo-Kit and IWS lifting tests. Gross and Battie (58), Brouwer et al (59), and
Reneman et al (60) performed their studies also with subjects with LBP, quantified their
outcomes with an ICC as well, and found high levels of intra- and interrater reliability of
IWS dynamic lifting tests (ICC range,0.75–0.98). So, because dynamic lifting tests from
both Ergo-Kit and IWS FCE methods are reliable, it would be relevant to assess these
lifting tests concurrently with the same subjects to obtain an appropriate insight into
whether they could be used interchangeably.
This study is the first to evaluate agreement between FCE tests. For agreement,
different statistics are commonly used, such as the Bland-Altman visual plotting method
(63), smallest real difference (64), and SE of measurement. As variations between
raters were nearly nil (see table 4), it can be concluded that the variations in test scores
between both assessments were not the result of disagreement between the 2 raters,
but rather to performance variations within subjects. Because the Ergo-Kit tests are
used in PT settings for evaluative purposes, reproducibility and responsiveness are 2
major properties that need to be evaluated (11). In this study, we examined the
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reproducibility of the tests by calculating the SEs of measurement and CIs. Some
suggestions about the responsiveness of these tests may also be made, however. For
instance, the Ergo-Kit tests should be able to detect clinically relevant changes within
subjects during repeated evaluations throughout a rehabilitation program. Safe amount
of minimal change that has to be found to conclude that change in subjects’
performance is due to a real change and not to measurement error, may be found by
checking the SEs of measurement and CIs. As in other studies (65,66), SEs of
measurement could be expressed as a percentage of the mean test score (ie, at t1:
BTLT, 13.1%; SLT, 13.3%; CLST, 13.9%; LLST, 15.5%; ULST, 11.2%). Because no
similar data of the SE of measurement and SE of measurement percentage for FCE
lifting tests have been previously reported, the set-up of an SE of measurement’s cutoff
value for clinical relevance cannot be retrieved from literature, and should be based on
the practitioner’s knowledge of the lifting tests. The SE of measurement percentage
values we found in this study were lower than the ones found for isokinetic strength
tests (65,66), which suggests a sufficient agreement level of the Ergo-Kit lifting tests,
and thus makes their clinical use legitimate.

Conclusion
Our results suggest that the reproducibility (ie, reliability and agreement between
raters) of 5 Ergo-Kit tests in subjects with LBP was good. Criterion-related and
construct validity appear to be the topics that merit the most attention in future studies.
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Abstract
Objective
To assess the construct (discriminative and convergent) validity of five Ergo-Kit (EK)
Functional Capacity Evaluation (FCE) lifting tests in construction workers on sick leave
due to musculoskeletal disorders (MSDs).
Design
Cross sectional within-subject design.
Setting
Occupational health service for the construction industry.
Participants
Seventy-two construction workers (all men) on six week sick leave due to MSDs.
Interventions
Not applicable.
Main Outcome Measure
After being assessed on five EK FCE lifting tests, participants were asked to complete
the Von Korff questionnaire (VK) on pain intensity and disability due to MSDs and the
Instrument for Disability Risk (IDR) assessing the risk for work disability. Discriminative
validity was evaluated by comparing the results of the EK FCE lifting test scores
between the two groups of participants based on the IDR scores (high risk for work
disability compared to low risk for work disability). Convergent validity was evaluated by
assessing the associations between the results of the EK FCE lifting tests and VK selfreported pain intensity and disability due to MSDs.
Results
The hypothesized differences between both IDR risk groups on the five EK FCE lifting
tests were found in the expected direction but were not statistically significant (one test
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exhibited a trend). Pearson Correlation Coefficients showed a poor convergent validity
between the scores of the VK questionnaire and the EK FCE lifting tests (-.29 ≤ r ≤
.05).
Conclusions
Poor construct validity of the five EK lifting tests was found: discriminative validity was
not statistically established and convergent validity with self-reported pain intensity and
disability was poor.
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Introduction
Musculoskeletal disorders (MSDs) are a major burden on working populations, health
systems and social care entities worldwide (1,2). In the construction industry, MSDs
are the primary reason for long-term sickness absence and related work disability (3,4).
They appear to be strongly associated with manual material handling, especially lifting
(3,4). In 10 states in the United States, lifting in the construction industry was found to
be responsible for 21% of workers’ compensation cases due to MSDs (5). In order to
reduce sick leave and workers’ compensation cost due to MSDs and to facilitate and
empower knowledge on return to work, it is imperative for occupational professionals to
acquire more insight into the physical work-ability of an injured worker (e.g., lifting
ability in construction workers). Occupational professionals do not possess many
instruments for assessing physical work-ability, relying essentially on information
provided by physical examinations and patient self-reports (6-8). Therefore, the use of
a performance-based instrument especially designed to assess physical work-ability
could provide occupational professionals with relevant information.
Functional Capacity Evaluation (FCE) methods aspire to be performance-based
assessment methods designed to measure the current physical work-ability of workers
with or without MSDs (9-11). The Ergo-Kit (EK) FCE method relies on a battery of
standardized tests that reflect work-related activities (e.g., standing, walking) with
particular attention to manual material handling activities (e.g., lifting) (12). In workers
compensation claimants with low back injury, performance on an FCE floor-to-waist
lifting test appeared to predict time to resolution of temporary total disability as well as
information from the entire FCE protocol (13). As for any clinical instrument, before
FCE tests can be legitimately applied in any context, their clinimetric properties (e.g.,
reproducibility, validity) should be assessed (14-16). A systematic literature review
indicated that evidence regarding the reliability and validity of the EK FCE tests was
lacking (17). The EK FCE lifting tests were subsequently found reproducible in
participants without MSDs and in participants suffering from low back pain (LBP)
(18,19). The question remains as to whether the EK FCE lifting tests are valid.
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The assessment of validity is not straightforward because of its plural types and
definitions. Three types of validity are generally considered: content, criterion-related
(concurrent and predictive) and construct (convergent, divergent and discriminative)
(16,20,21). The validation of an instrument, even if it seems an endless process (as it
can be assessed in many different populations), can be fulfilled by seeking and finding
evidence for each type of validity. Criterion-related validity and construct validity are
seen as the most relevant types for functional assessments (20,21). Within construct
validity, discriminative validity is said to be present when the evaluated test
discriminates between groups that are expected to be different from each other (also
known as the Known Groups Method) (16). Convergent validity is another common
way to support construct validity and measures how the evaluated test relates to
another instrument which is assumed to reflect an associated concept, outcomes of
both tests or instruments being expected to correlate moderately with each other
(20,21).
Through the assessment of several activities, FCEs strives to measure functional
physical work-ability. As suggested by Vlaeyen et al., patients suffering from (chronic)
musculoskeletal pain may fear pain and also work-related activities that are expected
to cause pain (22,23). Even more, they could even fear movement and physical
activities assumed to cause reinjury (22,23). Then, from this perspective, it is thoughtful
to expect that fear of pain i.e. movement due to musculoskeletal pain could negatively
affect performance testing on FCEs. With regard to the convergent validity of the EK
FCE lifting tests, a hypothesis could be that EK FCE lifting outcomes correlate
moderately with pain-related outcomes, a high pain-related level being expected to
lead to a poor performance on the EK FCE lifting tests.
Because of the significance of manual material handling, especially lifting, in the
construction industry, the incidence of MSDs in this sector and the need for evidence
on the validity of the EK FCE lifting tests, the following two research questions were
formulated:
(1) What is the discriminative validity of the EK FCE lifting tests in constructions
workers on sick leave due to MSDs?
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(2) What is the convergent validity of the EK FCE lifting tests with self-reported
pain intensity and disability in constructions workers on sick leave due to
MSDs?

Methods
Participants and recruitment procedures
From a nationwide list of construction workers on sick leave obtained from a large
occupational health and safety service in the construction sector, potential participants
were contacted by phone by the first author. If interested to participate, detailed written
information on the study procedure was sent and statements of informed consent were
signed. Participants were included according to the following inclusion criteria: (1)
performing physical work in the construction industry, (2) age between 18 and 55 years
old, and (3) on sick leave for at least 6 weeks (± 1 week) due to MSDs. Participants
were free to quit the study at any time. A power analysis was performed for both
research questions ([a] 2-tailed T test with α = 0.05 and power = 0.80; [b] confidence
level of 0.95, correlation coefficient set at .50 and limit at .30), indicating that 50
subjects were required. Taking drop-outs into account, we strived to include 75
participants. This study was performed in accordance with the Helsinki Declaration and
approved by the Medical Ethics Committee of the Academic Medical Center in
Amsterdam, the Netherlands.

The Ergo-Kit lifting tests
From among the EK “Physical Agility” tests (manipulation, balance, strength and
endurance), five EK FCE lifting tests (Figure 1), that are reliable in adults without MSDs
and with low back pain (LBP) (18,19), were selected in this study: two isometric lifting
tests, the Back-torso lift test (Btlt) and Shoulder lift test (Slt), and three dynamic lifting
tests, the Carrying Lifting Strength Test (Clst), Lower Lifting Strength Test (Llst) and
Upper Lifting Strength Test (Ulst). Table 1 presents descriptions and outcomes of the
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EK FCE lifting tests. The assessment of these five EK FCE lifting tests takes
approximately 30 minutes and was performed in accordance with the standardized
procedures, as described in the EK handbook by certified raters in 27 possible
locations (12).
Table 1: EK FCE lifting test descriptions and outcomes (12).
EK FCE tests

Description

Back-torso lift test (Btlt)

Use of a “back and leg dynamometer” fixed on a platform, a
chain and a handle. Handle is set at patella height for Btlt and
at elbow height for Slt. Maximal pulling during 4 s, 2 tries per
test
Use of a stand with two vertically adjustable shelves, a box
with different weights and a step (20cm). Following
standardized procedure, weight is added to the box (2.5, 5,
7.5 or 10 kg), depending on the subject’s coordination in the
task, subject’s perception of the weight of the box, and subject
complaints. 4-6 carries 5 m for Clst, 4-6 lifts from knuckle
height to step for Llst and 4-6 lifts from knuckle to acromion
height for Ulst

Shoulder lift test (Slt)
Carrying lifting strength test (Clst)
Lower lifting strength test (Llst)
Upper lifting strength test (Ulst).

Outcome
Maximal isometric lift
capacity (kg)
Maximal safe weight for
lifting
(kg)

Discriminative validity
To assess discriminative validity, two groups of participants for whom differences were
expected, were formed post-hoc based on the Instrument for Disability Risk (IDR). This
construction sector specific instrument identifies workers at risk for work disability due
to MSD over a two-year period (24). The IDR has been developed in a Dutch setting
and showed evidence of content validity (24). The IDR is determined from a
questionnaire exploring four risk factors for work disability in the construction industry
through nine questions addressing age, work ability, sickness absence and
musculoskeletal complaints (see Appendix 1). The IDR is calculated with the scores
obtained from nine questions and provides risk prognosis (expressed as a percentage)
for work disability with high percentages denoting high risks for future work disability.
Experts tend to set the IDR cut-off point at 38% for a high risk for work disability (24).
Based on the IDR outcomes, participants were classified either in the group with a high
risk for work disability or in the group with a low risk for work disability. Discriminative
validity was assessed by comparing both groups with each other on their scores on the
five EK FCE lifting tests, with the expectation that the high-risk group would score lower
than the low-risk group.
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Convergent validity
Convergent validity was evaluated by assessing the associations between the
outcomes of the five EK FCE lifting tests and self-reported pain intensity and disability
due to MSDs. In this study, an existing Dutch translation of the Von Korff questionnaire
(VK) (25) was used to assess pain intensity and disability due to MSDs. The VK has
been evaluated as reliable and valid (26,27). As the original version of the VK assesses
pain and related disability of the low back in the past six months (25), the VK was
adjusted for this study in order to fit the inclusion criteria of the present study.
Therefore, MSDs pain intensity and related disability were asked with regards to the
last week prevalence of MSDs and disability (see Appendix 2).
Pain intensity due to MSDs was assessed with three questions (scored on a scale from
0 to 10) about the subjects’ pain during performing activities of daily living. A 0 – 100
pain score (0 = no pain and 100 = the worst pain possible) was calculated based on the
mean of these three questions (25). As the third question of the VK (see Appendix 2)
focuses on the average pain intensity due to MSDs during a week, the associations
between this third VK question alone and the outcomes of the five EK FCE lifting tests
were also evaluated.
Disability due to MSDs was assessed with three questions about the subjects’ ability to
perform activities and/or work (scored on a scale from 0 to 10). A 0 - 100 disability
score (0 = not disabled and 100 = fully disabled) based on the mean of the disability
questions multiplied by 10 was calculated (25). As the sixth question of the VK (see
Appendix 2) focuses on MSD-related disability during work activities (while the other
questions focus also on disability during social and daily living activities), the
associations between this sixth VK question apart and the outcomes of the five EK
FCE lifting tests were also evaluated.

Design and study procedures
A cross sectional study, using a within-subject design, was conducted to evaluate the
discriminative and convergent validity of the five EK FCE lifting tests. According to
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Dutch legislation, construction workers on sick leave have to visit an occupational
health and safety service after six weeks of sick leave. There, after signing statements
of informed consent, they were asked to fill in the VK and IDR questionnaires. Next,
they were assessed on the five EK FCE lifting tests by certified raters at the nearest
Ergo-Kit test center. The time interval between both assessments (EK FCE lifting tests
and questionnaires) was targeted to be as short as possible (< 10 days).

Data analyses
Based on the IDR percentage scores of risk for work disability from the whole study
sample and the original cut-off point established by experts, two groups expected to be
different from each other were formed post-hoc: one group with a high risk for work
disability and one group with a low risk for work disability. Descriptive statistics (i.e.,
means, frequencies, standard deviations and ranges) of the whole study sample and of
both groups were calculated for age, gender, height, body weight, and for the
outcomes of the five EK FCE lifting tests and the VK pain intensity and disability.
Discriminative validity between the high-risk group and the low-risk group was
assessed using independent sample t-tests (16). A p-value below 0.05 was considered
statistically significant.
Convergent validity was evaluated by correlating the EK FCE lifting tests scores and
the VK pain intensity and disability outcomes using a Pearson correlation coefficient
(16,21). For convergent validity, correlations greater than 0.60 were considered good,
between 0.30 and 0.60 were moderate, and less than 0.30 were poor (16,21). All data
analyses were performed using the statistical analysis software SPSS 13.0 for
Windows.
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Results
Participants
Over 400 potential subjects were contacted by phone by the first author and asked
whether they were interested to participate voluntarily in the study. Seventy-two
construction workers were willing to participate in this study. The main reason for not
participating was that the most construction workers contacted by phone expected to
return to work within a few days, becoming then ineligible for inclusion in our study.
Some participants were simply not motivated or willing to participate. To guarantee that
the time interval between both assessments (EK FCE lifting tests and questionnaires)
was as short as possible, participants who did not return their questionnaires within 3
days (after their assessment on the EK FCE lifting test) were again contacted by
phone.
Participants were assessed on the EK FCE lifting tests in 15 different locations in the
Netherlands. Table 2 presents the participants characteristics. Among the participants,
carpenters were the occupation most represented (36%). Within the whole population,
upper extremity MSDs accounted for 17% of the main diagnosis, lower extremity for
28%, back for 31%, and the remaining proportion of 24% concerned a combination of
MSDs. The participants’ mean self-reported pain intensity and disability scores were 59
and 61, respectively.

Table 2: Means, standard deviations and ranges of age, height, bodyweight and outcomes of
the Ergo-Kit FCE lifting tests and Von Korff questionnaire for the whole group of participants.
Total group (N = 72)
Mean
SD
41
10
Age (years)
182
8
Height (cm)
87
14
Bodyweight (kg)
85.9
36.9
Back-torso lift test (kg)
45.0
18.9
Shoulder lift test (kg)
35.9
13.4
Carrying lifting strength test (kg)
32.9
13.1
Lower lifting strength test (kg)
21.6
10.1
Upper lifting strength test (kg)
59.3
21.1
Von Korff pain intensity (0-100)
60.8
22.1
Von Korff related disability (0-100)
5.7
2.2
Von Korff question 3 (0-10)
6.1
2.6
Von Korff question 6 (0-10)
N, number of subjects; SD, standard deviation; cm, centimeter; kg, kilogram

Range
18 - 55
168 - 198
59 - 125
0.0 - 185.0
2.5 - 88.5
10.0 - 75.0
0.0 - 75.0
0.0 - 50.0
10.0 - 100.0
3.3 - 100.0
1.0 - 10.0
0.0 - 10.0
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Discriminative validity
In the present study, in order to form groups that should be expected to be even more
different from each other, the following two extreme groups were formed: one group
with a high risk for work disability (n= 14; 0 ≤ IDR ≤ 35), and one group with a low risk
for work disability (n = 40; 40 ≤ IDR ≤ 100).
Table 3 presents the characteristics for both groups in terms of age, height and weight,
as well as the mean, standard deviation and range in scores of the EK FCE lifting tests.
High risk for work disability resulted in lower outcomes for four of the five EK FCE lifting
tests. However, independent sample t-tests did not show statistical significant
differences between both groups. For both isometric lifting tests (Back-torso lift test and
Shoulder lift test), both IDR groups performed nearly the same (t = 0.27/p = 0.79 and t
= -0.28/p = 0.78, respectively), while more substantial differences in scores on the
three dynamic lifting tests could be observed, particularly on the lower lifting strength
test (7.4 kg; t = 1.82/p = 0.07).

Convergent validity
The mean, standard deviation and range in scores of the VK pain intensity and
disability and in scores of the VK questions three and six are presented in Table 2.
Pearson correlation coefficients showed poor associations between the scores of the
EK FCE lifting tests and the outcomes on the VK questionnaire (Table 4). The upper
value of r = -0.29 for the association between the Carrying lifting strength test and the
VK question three on pain intensity was found. In addition, analyses allowed for
exploration of the internal validity of the two isometric and three dynamic EK FCE lifting
tests: correlations were moderate to high (Table 4).
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Low risk (N = 14)
Mean
SD
Range

t*

Variables
1. Back-torso lift test
2. Shoulder lift test
3. Carrying lifting strength test
4. Lower lifting strength test
5. Upper lifting strength test
6. Von Korff pain intensity
7. Von Korff related disability
8. Von Korff question 3
9. Von Korff question 6
N, number of subjects; * p < .05

btlt
1
.55*
.29*
.28*
.20
-.16
-.26*
-.26*
-.19

clst
1
.82*
.65*
-.27*
-.15
-.29*
-.13

slt
1
.15
.05
.21
-.18
-.17
-.27*
-.11
1
.57*
-.23*
-.11
-.26*
-.07

llst

1
-.16
.01
-.16
.05

ulst

1
.58*
.90*
.45*

vkpi

1
.52*
.88*

vkrd

1
.40*

vkq3

Table 4: Correlation between the scores of Ergo-Kit FCE lifting tests and the outcomes on the Von Korff questionnaire (N = 72).

-3.79
35
12
18 - 53
46
7
31 - 55
Age (years)
0.40
183
7
173 - 196
182
8
168 - 198
Height (cm)
-0.58
85
18
59 - 125
87
11
60 - 120
Bodyweight (kg)
0.27
88.7
45.5
0.0 - 152.5
85.5
36.1
21.0 - 185.0
Back-torso lift test (kg)
-0.28
42.1
14.8
17.5 - 70.0
43.7
19.7
2.5 - 88.5
Shoulder lift test (kg)
1.41
41.1
14.4
25.0 - 75.0
35.1
13.3
10.0 - 72.5
Carrying lifting strength test (kg)
1.82
40.0
14.1
25.0 - 75.0
32.6
12.7
0.0 - 62.5
Lower lifting strength test (kg)
1.09
25.2
6.2
17.5 - 42.5
21.9
10.6
0.0 - 50.0
Upper lifting strength test (kg)
N, number of subjects; SD, standard deviation; cm, centimeter; kg, kilogram; * comparison between the groups with a high and a low risk for work disability

High risk (N = 40)
Mean
SD

0.00
0.69
0.56
0.79
0.78
0.16
0.07
0.28

P value*

Table 3: Mean, standard deviation and range of age, height, weight and outcomes of the Ergo-Kit FCE lifting tests for the high-risk and lowrisk groups for work disability.
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Discussion
The purpose of this study was to evaluate the discriminative and convergent validity of
five EK FCE lifting tests in constructions workers on sick leave due to MSDs. A group
of construction workers with a high risk for work disability and a group of construction
workers with a low risk for work disability were formed. None of the five EK FCE lifting
tests could significantly discriminate between both groups. However, differences
between both IDR groups on four out the five EK FCE lifting tests were found in the
expected direction. Convergent validity was found to be poor between each EK FCE
lifting test and self-reported pain intensity and disability. In this study, therefore,
construct validity of the five EK FCE lifting tests could not be confirmed.
A strength of the present study concerns the population being used. As stated earlier,
construction workers are heavily exposed to manual material handling, especially
lifting, and MSDs are the major cause for sick leave and disability in the construction
industry. Therefore, the use of construction workers on sick leave due to MSDs in the
validation process of the EK FCE lifting tests is appropriate. In addition, the use of the
IDR is also relevant. The Dutch construction industry has developed this specific
instrument to identify workers at risk for work disability due to MSDs over a two-year
period. Within the nine questions of the IDR, physical work ability is specifically
addressed, indirectly reflecting the respondent’s lifting ability, as this one is the most
important parameters within occupations in the construction industry. Furthermore, as
age is one of the four risk factors being taken into account in the IDR risk prognosis for
work disability, it is explicable that both IDR groups significantly differ in age (10 years;
p < 0.01): the group with a high risk for work disability is almost 10 years older than the
low-risk group.
From the results of this study, discriminative validity of the five EK lifting tests was not
statistically established as no significant differences in EK lifting test scores were found
between the two IDR groups. The expectation that two groups of construction workers
could be formed with the IDR and would score statistically different on the EK FCE
lifting tests, was not met. Furthermore, the expectation that both IDR groups would be
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represented by an equal number of participants was not met also, with a larger number
of construction workers in the low-risk group, explaining perhaps that statistical
differences were not found.
However, the observed differences did occur in the expected direction; the high-risk
group scoring lower on four out of the five EK FCE lifting tests than the low-risk group.
Even more, the mean differences between both IDR groups in test scores for the three
dynamic lifting tests were substantial: 6, 7 and 3 kg for the Carrying lifting strength test,
Lower lifting strength test (t = 1.82/p = 0.07) and Upper lifting strength test,
respectively.
From a methodological perspective, the Known Group Method appears to be the
appropriate method for assessing discriminative validity. In this validation approach, a
hypothesized construct (i.e., lifting capacity measured with two isometric and three
dynamic EK FCE lifting tests) is measured in two groups of people who are expected to
differ from each other on the attribute that is the focus of the instrument being
evaluated. Within such an assessment, the selection criteria of both groups are crucial.
Based on the IDR outcomes, the lifting capacity of a group of construction workers on
sick leave with a high risk for work disability was compared to the low-risk group. The
expectation was that the high-risk group would score less than the low-risk group, and
thus, the five EK FCE lifting tests would discriminate between both types of
construction workers. We did find substantial differences in EK FCE lifting test scores
between both IDR groups, but differences were not statistically significant, except for a
trend toward the Lower lifting strength test, leading to the conclusion that perhaps the
use of two, more different groups would have been more suitable. For instance, the
comparison of a group of construction workers on sick leave due to MSDs and a group
of working construction workers would have been a good possibility to use with the
Known Group Method, without losing any relevance for the construction sector and
providing occupational professionals with useful data on the EK FCE lifting test scores
of disabled versus non-disabled construction workers.
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However, we did try to use the IDR outcomes optimally by excluding the middle group
of construction workers with a IDR score between 35% and 40% to form two extreme
groups that could meet our expectations. Furthermore, post-hoc scatter plots were
drawn to explore whether two different groups of construction workers could be formed
for each of the EK FCE lifting tests by using different IDR cut-off points. The visual
interpretation of these plots did not give any reason to believe that a different cut-off
point per EK FCE lifting test would be better used in the present validation process.
Self-reported measures of pain, disability or physical work-ability are often used in
clinical, rehabilitation or occupational settings because they are practical, inexpensive
and only moderately time consuming. Measuring disability or physical work-ability can
also be done through performance-based testing, such as FCE methods. Several
studies suggested that moderate to strong correlations were found between selfreported measures of pain, disability or functioning, and FCE performance, especially
FCE lifting tests (28-33), but others authors did not find associations between
performance-based and self-reported measures of pain or disability (34-36). However,
these studies were performed in different contexts or populations than the present
study.
Convergent validity between the five EK FCE lifting tests and self-reported pain
intensity and disability, based on the VK questionnaire, was not established in
construction workers on sick leave due to MSDs. Even if some associations between
each EK FCE lifting test and self-reported pain intensity and disability were statistically
significant, no correlation coefficient met our criteria for good (greater than 0.60) or
moderate (between 0.30 and 0.60) level of convergent validity. Therefore, a possible
explanation for our results could be that measuring physical work-ability or disability
through self-reported questionnaires or through performance-based testing appear to
be two different approaches that did not allow to find a moderate level of correlation
between the outcomes on the VK and EK FCE lifting tests. The self-reported VK
disability questions reflect what someone reports he/she can or cannot perform, while
the EK FCE lifting tests measure what someone performs. It is unclear whether
functional self-efficacy beliefs of patients suffering from MSDs influence FCE
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performance (37,38) but in general, people perform more or better than what they
expect they can do. In our study, despite sick leave due to MSDs, pain and perhaps an
associated low level of functional self-efficacy belief, construction workers were still
able to perform well on the EK FCE lifting tests when compared with the normative
scores available in the EK user guide (12). Especially for the three dynamic EK FCE
lifting tests, the mean scores of the constructions workers would be interpreted as high
on a five-point scale (from extremely low to extremely high) (12). On the other hand,
when compared to other worker groups with heavy physical work demands (e.g., fire
fighters), construction workers on sick leave due to MSDs scored lower (+/- 30 kg for
the Btlt; +/- 15 kg for the Slt, and +/- 14 kg for both Llst en Ulst) on the EK FCE lifting
tests (39,40). The expectation that pain due to MSDs would interfere negatively with
the performance of the construction workers on the EK FCE lifting tests appears to be
ungrounded. As suggested in other studies (41,42), construction workers were able to
cope with their pain and to score at a high level on the EK FCE lifting tests.

Conclusion
Poor construct validity of the five EK FCE lifting tests was found in construction workers
on sick leave due to MSDs. Discriminative validity of the five EK FCE lifting tests was
not statistically established between a group with a high risk for work disability and a
group with a low-risk group, except for a trend toward the Lower lifting strength test.
However, differences in EK FCE lifting tests scores between both IDR groups were
found to occur in the expected direction in four of the five lifting tests. Convergent
validity of the five EK FCE lifting tests with self-reported pain intensity and disability
was poor. Further studies are needed to assess other validity aspects of the EK FCE
lifting tests, especially criterion-related validity.
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Appendix 1: Instrument for Disability Risk (IDR) (24).
1. How would you rate your current work ability compared to the lifetime best, where 0 is ‘not
able to work‘ and 10 is ‘best work ability ever’? (0-10 scale)
2. How would you rate your current work ability with regard to the physical work demands of
your job?’ (5-points Likert scale)
3 How would you rate your current work ability with regard to the psychological work demands
of your job? (5-points Likert scale)
4. Give in the following list of 51 diseases the number of current diseases you suffer diagnosed
by a physician and diagnosed by your self. (number of diseases)
5. Give your estimation of work impairment due to diseases. (1-6 scale)
6. How many days were you on sick leave during the past year? (1-5 scale)
7. From your own perspective, do you think you will be working in your own job in two years? (3points Likert scale)
8a. Did you lately enjoy your daily life? (5-points Likert scale)
8b. Have you been lately active and fit? (5-points Likert scale)
8c. Have you had lately trust in the future? (5-points Likert scale)
9a. Do you have regular neck stiffness or pain? (yes/no)
9b. Do you have regular stiffness or pain in the upper extremity? (yes/no)
9c. Do you have regular back stiffness or pain? (yes/no)
9d. Do you have regular stiffness or pain in the lower extremity? (yes/no)
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Appendix 2: Von Korff (25) pain intensity (1 to 3) and disability (4 to 6) questions.
1. How would you rate your musculoskeletal pain on a 0-10 scale at the present time, that is
right now, where 0 is ‘no pain‘ and 10 is ‘pain as bad as could be’?
No pain

0

Pain as bad could be

1

2

3

4

5

6

7

8

9

10

2. In the past week, how intense was your worst pain rated on a 0-10 scale where 0 is ‘no pain’
and 10 is ‘pain as bad as could be”?
No pain

0

Pain as bad could be

1

2

3

4

5

6

7

8

9

10

3. In the past week, on the average, how intense was your pain rated on a 0-10 scale where 0 is
‘no pain’ and 10 is ‘pain as bad as could be“? (That is, your usual pain at times you were
experiencing pain.)
No pain

0

Pain as bad could be

1

2

3

4

5

6

7

8

9

10

4. In the past week, how much has musculoskeletal pain interfered with your daily activities
rated on a 0-10 scale where 0 is ‘no interference’ and 10 is ‘unable to carry on any activities?
No interference

0

1

Unable to carry on any activities

2

3

4

5

6

7

8

9

10

5. In the past week, how much has musculoskeletal pain changed your ability to take part in
recreational, social and family activities where 0 is ‘no change’ and 10 is ‘extreme change”?
No change

0

1

Extreme change

2

3

4

5

6

7

8

9

10

6. In the past week, how much has musculoskeletal pain changed your ability to work (including
housework) where 0 is ‘no change’ and 10 is ‘extreme change?
No change

0
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1

Extreme change

2

3

4

5

6

7

8

9

10
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Abstract
Objectives
To assess the concurrent and predictive (criterion-related) validity of the five Ergo-Kit
(EK) FCE lifting tests in construction workers on sick leave due to musculoskeletal
disorders (MSDs).
Methods
Six weeks (baseline, t0), six months (t1) and one year (t2) after the first sick leave day
due to MSDs, construction workers underwent two isometric and three dynamic EK
FCE lifting tests, and completed the Instrument for Disability Risk (IDR) for future work
disability risk. Concurrent validity was assessed by the associations between the
scores of the EK FCE lifting tests and the IDR outcomes, using Pearson Correlation
coefficients (r) and associated proportions of variance (PV). Predictive validity was
assessed by the associations between the EK FCE lifting test scores at baseline, and
the IDR outcomes six months and one year later, using r, PV and area under receiver
operating characteristic curve (AUC). In addition, the predictive validity of the EK FCE
lifting tests on the total number of days on sick leave until full durable return to work
(RTW) was evaluated with Cox regression analysis.
Results
Concurrent validity with future work disability risk was poor for the two isometric EK
FCE lifting tests (-0.15 ≤r≤0.04) and moderate at t1 and/or t2 for the three dynamic EK
FCE lifting tests (-0.47≤r≤-0.31). Only the Carrying lifting strength test showed
moderate and acceptable predictive validity on future work disability risk, especially at
t1 (r =-0.39;AUC=0.72). Cox regression analyses revealed that two out of the five EK
FCE lifting tests predicted durable RTW significantly, but only weakly.
Conclusions
Criterion-related validity with future work disability risk was poor for the two isometric
EK lifting tests and moderate for the three dynamic lifting tests, especially the Carrying
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lifting strength test. Predictive validity on durable RTW was significant although weak in
two dynamic EK FCE lifting tests.
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Introduction
Edwin Smith’s Surgical Papyrus, roughly written in 1700 BC, is the world’s earliest
known document that acknowledged signs of work-related musculoskeletal disorders
(MSDs) in construction workers that arose from the imposing Egyptian pyramids
construction projects (1). Nowadays, MSDs are a major burden on working
populations, health systems and social care programs worldwide. In construction
industries all over the world, MSDs are the primary reason for long-term sickness
absence and related work disability, and the incidence of MSDs is strongly associated
with manual material handling, especially lifting (2,3). In 2005, for the construction
industry of the United States of America, overexertion when lifting caused 42% of the
work-related MSDs with associated days away from work, while lifting was responsible
for 21% of work compensation due to MSDs (4,5).
In order to reduce sick leave and work compensation costs due to MSDs, and to
facilitate the return to work (RTW) process, occupational and insurance physicians
need to assess the physical ability or inability to work (“physical work-ability”) of an
injured worker, in particular, the ability to perform safe lifting among construction
workers. In the Netherlands, physicians working either in RTW or disability claims do
not possess many instruments to assess physical work-ability but they have a positive
view on the utility of complementary information derived from the Functional Capacity
Evaluation (FCE) (6). The FCE was designed to offer comprehensive performancebased assessments to measure the current physical work-ability of workers with or
without MSDs (7-9). The Ergo-Kit (EK) is a FCE method that relies on a battery of
standardized tests that assess work-related activities, such as standing, walking, lifting,
carrying and reaching (10). As lifting ability is one of the most important components of
heavy physical work, especially in the construction industry, the EK FCE lifting tests in
particular could be seen as useful tools for the assessment of physical work-ability in
the construction industry.
Validation of instruments is challenging and is the main topic of interest when it comes
to the evaluation of the quality of an instrument’s measurements i.e., its clinimetric
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properties. Without the assessment of validity, it cannot be claimed that what is
purportedly being measured is what is truly being measured (7,11,12). Therefore,
before one can administer the EK FCE lifting tests in occupational health care settings
in the construction industry, the validity of the tests must be assessed. Among the
different validity types, criterion-related validity is especially relevant for functional
assessments (13-15). Criterion-related validity, subdivided into concurrent and
predictive validity, describes how the evaluated test relates to another existing
instrument measuring the same concept (or partially the same concept), ideally a gold
standard showed to be reproducible and valid (13-15). Concurrent validity refers to the
relation between the two instruments concurrently, meaning nearly at the same time,
while predictive validity refers to the relation between two instruments, where the
existing instrument is measured later on time (13-15). When no gold standard is
available, as in the case of the assessment of physical work-ability (16,17), a wellgrounded reference test (also referred as a silver standard) measuring an affiliated
relevant concept and accepted in practice is commonly used as an alternative (18,19).
In the Netherlands, the Instrument for Disability Risk (IDR) is an established and
accepted instrument for identifying construction workers at risk for work disability over a
two-year period (20,21). The IDR is a questionnaire assessing the status of four risk
factors of future work disability in construction industry: age, sickness absence,
musculoskeletal complaints and work ability (based on the Work Ability Index) (22).
The IDR is appropriate as a reference test because it is a well-grounded instrument
that is accepted and used in the construction industry and an instrument that measures
future work disability risk, an affiliated concept of physical work-ability. Furthermore, the
EK FCE tests were found to provide occupational professionals with complementary
information that was useful when they made judgments of workers’ physical workability to aid the RTW process (23-25). Hence, the time until durable RTW (i.e., the
number of days on sick leave until full durable RTW) seems another relevant affiliated
concept that could be used in a validity study of the EK FCE lifting tests.
Thus, the three aims of the present study were to assess (a) the concurrent validity of
the EK FCE lifting tests and future work disability risk in construction workers, (b) the
predictive validity of the EK FCE lifting tests on future work disability risk in construction
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workers on sick leave due to MSDs, and (c) the predictive validity of the EK lifting tests
on time until durable RTW in construction workers on sick leave due to MSDs.

Material and methods
Design
A longitudinal within-subject design with a one-year follow-up period was conducted to
evaluate the concurrent and predictive (criterion-related) validity of five EK FCE lifting
tests.

Participants and recruitment procedures
From a nationwide list obtained from the largest occupational health and safety service
in the Dutch construction sector, construction workers on sick leave for three to four
weeks were contacted by phone by the first author. If a worker expressed interested to
participate, detailed written information on the study procedure was sent and signed
statements of informed consent were obtained. A sample size calculation was
performed for our research questions ([a] 2-tailed t test with α = 0.05 and power = 0.80;
[b] confidence level of 0.95, correlation coefficient set at .50 and limit at .30), and it
indicated that a minimum of 50 subjects were required at the end of our one-year
follow-up period. To take drop-outs during follow-up into account, we strived to include
75 participants at baseline, based on the following inclusion criteria: (1) performing
heavy physical work in the construction industry, (2) age between 18 and 55 years, and
(3) on sick leave for the last 6 weeks (± 1 week) due to MSDs. Participants were free to
withdraw from the study at any time.

Ergo-Kit FCE lifting tests
Five Five EK FCE lifting tests that were found to be reliable in adults without MSDs and
with low back pain (26,27) were selected for this study. They included two isometric
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Table 1: EK FCE lifting test descriptions and outcomes (10).
EK FCE tests

Description

Back-torso lift test (Btlt)

Use of a “back and leg dynamometer” fixed on a platform, a
chain and a handle. Handle is set at patella height for Btlt and
at elbow height for Slt. Maximal pulling during 4 s, 2 tries per
test
Use of a stand with two vertically adjustable shelves, a box
with different weights and a step (20cm). Following
standardized procedure, weight is added to the box (2.5, 5,
7.5 or 10 kg), depending on the subject’s coordination in the
task, subject’s perception of the weight of the box, and subject
complaints. 4-6 carries 5 m for Clst, 4-6 lifts from knuckle
height to step for Llst and 4-6 lifts from knuckle to acromion
height for Ulst

Shoulder lift test (Slt)
Carrying lifting strength test (Clst)
Lower lifting strength test (Llst)
Upper lifting strength test (Ulst).

Outcome
Maximal isometric lift
capacity (kg)
Maximal safe weight for
lifting
(kg)

lifting tests, Back-torso lift test (Btlt) and Shoulder lift test (Slt), as well as three dynamic
lifting tests: Carrying Lifting Strength Test (Clst), Lower Lifting Strength Test (Llst) and
Upper Lifting Strength Test (Ulst). Table 1 presents the descriptions and outcomes of
the five EK FCE lifting tests. Standardized procedures were performed as described in
the EK handbook (10). The assessment of the five EK FCE lifting tests took
approximately 30 minutes and was done by certified raters.

Instrument for Disability Risk (IDR)
In the present study, the IDR was selected as the reference test. In the Netherlands,
the construction industry has developed this construction-industry specific instrument to
identify workers at risk for work disability over a two-year period (20,21). Assessing four
risk factors for work disability in the construction industry (i.e., age, work ability,
sickness absence and musculoskeletal complaints), the IDR score is calculated from
responses to nine questions (see Appendix). The IDR provides two types of outcomes:
(1) a binomial outcome, having an increased risk for work disability or not, and (2) a
risk of work disability (percentage). A percentage of 38 or more has been chosen in
expert consensus meetings as the cut-off point for an increased risk of work disability
over 2 years (20,21).
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Return to work (RTW)
In the present study, time to durable RTW was defined as the duration of work
absenteeism due to MSDs in calendar days from the first day on sick leave until the
first day of returning fully to the worker’s own work or other work for a period of at least
four weeks (28). RTW was registered throughout the one-year follow-up period by the
occupational health and safety service in the construction sector.

Study procedures
Six weeks (baseline,t0), six months (t1) and one year (t2) after the first sick leave day,
subjects were assessed on five EK FCE lifting tests and were asked to complete the
IDR, during the occupational physician consultation at t0, at t1 and t2 at home. To
guarantee that the time interval between the two assessments (i.e., the EK FCE lifting
tests and IDR) was as short as possible, participants who did not return the IDR
questionnaire within three days after their assessment on the EK FCE lifting tests were
again contacted by phone. This study was performed in accordance with the Helsinki
Declaration (1964) and received approval from the Medical Ethics Committee of the
Academic Medical Center in Amsterdam, the Netherlands.

Data analyses
Only the participants included at baseline and who completed the three assessments
without any missing value(s) during the one-year follow-up period were included in the
analyses. All data analyses were performed using the statistical analysis software
SPSS 14.0 for Windows. At t0 (baseline), t1 and t2, descriptive statistics (means,
standard deviations and ranges) were calculated for each of the EK FCE lifting tests
and the IDR outcome.
Concurrent validity was determined by assessing the relationship at t0 (baseline), t1 and
t2 between the five EK FCE lifting tests scores and the IDR outcomes. Predictive
validity of the EK FCE lifting tests on future work disability risk was evaluated by
assessing the associations between the five EK FCE lifting tests scores at t0 (baseline)
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and the IDR outcomes at both t1 and t2. For both concurrent and predictive validity on
future work disability risk, Pearson’s correlation coefficients (r) were calculated and the
associated proportions of variance (PV) were calculated (PV = 100 x r2) to illustrate
how much variance in one variable (EK FCE lifting test) may be explained by the
variance of the other variable (IDR) (29). For concurrent and predictive validity,
correlations greater than .50 are considered as good, between .30 and .50 as
moderate, and lower than .30 as poor (29).
Furthermore, the ability of the EK FCE lifting tests at t0 (baseline) to predict the
outcomes of the IDR at t1 and at t2 was measured using the area under the receiver
operating characteristic curve (AUC) (15,30). Therefore, we used the cut-off point of
38% set by Dutch experts for a high risk for work disability (20,21). The AUC can be
interpreted as follows: 0.7 ≤ AUC ≤ 0.8 as acceptable, 0.8 < AUC ≤ 0.9 as excellent,
and AUC > 0.9 as outstanding (31).
Predictive validity of the EK FCE lifting tests at t0 (baseline) on time to durable RTW
(number of days on sick leave) during the one-year follow-up was evaluated by
conducting Cox proportional hazards regression analysis (30). For this analysis, the
number of days on sick leave until durable return to work was calculated from six
weeks after the first sick leave day, which was the time of the baseline assessment
with the EK FCE lifting tests. Cox regression analysis was performed to identify
whether the EK FCE lifting tests (independent variables or covariates) were separate
predictive factors for time to durable RTW (dependent variable). Beta (β), hazard ratio
(HR), 95% confidence interval (CI) and p-values were calculated and presented (30).
Interpretation was based on the level of significance (p-values) and on the HR, that can
be interpreted in a similar manner to odds ratio: values above one indicate a raised
hazard for durable RTW, values below one indicate a decreased hazard and values
equal to one indicate there is no increased or decreased hazard (32).
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Results
Participant’s characteristics
Sixty construction workers completed the three assessments without any missing
information during the one-year follow-up period. At baseline, all 60 participants were
on sick leave due to MSDs, with the upper extremity MSDs accounting for 17% of the
main diagnoses, the lower extremity for 28%, the back for 30%, and a combination of
MSDs for the remaining 25%.
Participants were assessed on the EK FCE lifting tests in 15 different locations in the
Netherlands, depending on their home addresses. Among the participants, carpentry
was most frequent occupation (37%). From the 60 participants included at baseline in
the study and on sick leave (+/- six weeks), 47 returned to work six months later
(t1;78%) and 51 returned one year later (t2;85%). Nine participants were still on sick
leave after the one-year follow-up period.
The baseline characteristics of the 60 participants are presented in Table 2. The
participants’ mean age was 42 years, their mean height was 182 centimetres and their
mean bodyweight was 86 kilograms, and their average number of days on sick leave
(duration of sickness absence) was 146 days, ranging from 42 days to one year (at
which point participants were censored).

Concurrent validity
Table 2 presents the outcomes at t0, t1 and t2 of the five EK FCE lifting tests and the
IDR. The associations between the five EK FCE lifting tests scores and the IDR
outcomes are presented in Table 3. At baseline weak associations were found between
scores of the isometric and dynamic EK FCE lifting tests and the IDR outcomes (-0.17
≤ r ≤ 0.07). At t1 and t2, the associations between the scores of the two isometric EK
FCE lifting tests and the IDR outcomes were also weak. Moderate associations (p <
.01) at t1 and/or t2 were found between the outcomes of the three dynamic EK FCE
lifting tests and the IDR, with an upper value of r = -0.47 (p < .01) for the association at
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Range

94.2
51.4
35.2
34.4
24.8
36.8

t1
Mean

31.2
19.0
10.1
11.6
6.4
22.6

SD

25.7 - 175.5
10.0 - 93.3
15.0 - 75.0
2.5 - 75.0
10.0 - 40.0
9.0 - 79.0

Range

91.9
51.4
33.5
33.8
24.8
34.5

t2
Mean

32.4
17.7
7.9
8.4
6.5
24.5

SD

32.5 - 170.0
17.5 - 85.0
17.5 - 47.5
12.5 - 47.5
10.0 - 40.0
9.0 - 79.0

Range

Variables
Back-torso lift test
Shoulder lift test
Carrying lifting strength test
Lower lifting strength test
Upper lifting strength test
N, number of subjects; *, p < .05; **, p < .01

r (t0)
-0.15
-0.07
-0.17
-0.17
-0.12

PV (t0)
2.25
0.49
2.89
2.89
1.44

r (t1)
-0.15
-0.05
-0.47**
-0.36**
-0.42**

PV (t1)
2.25
0.25
22.09
12.96
17.64

r (t2)
0.02
0.04
-0.33**
-0.31*
-0.23

PV (t2)
0.04
0.16
10.89
9.61
5.29

Table 3: Correlations (r) and proportions of variance (PV) between the outcomes of the Instrument for Disability Risk (IDR) and the Ergo-Kit
FCE lifting tests at t0 (baseline), t1 and t2 (N = 60).

42
9
18 - 55
Age (years)
182
8
168 - 198
Height (cm)
86
13
59 - 125
Bodyweight (kg)
86.4
32.2
21.0 - 152.5
Back-torso lift test (kg)
43.9
18.5
2.5 - 88.5
Shoulder lift test (kg)
36.2
13.3
10.0 - 75.0
Carrying lifting strength test (kg)
32.8
13.2
0.0 - 75.0
Lower lifting strength test (kg)
22.1
8.6
5.0 - 50.0
Upper lifting strength test (kg)
42.7
16.6
9.0 - 65.0
IDR (%)
N, number of subjects; SD, standard deviation; cm, centimeter; kg, kilogram;

Baseline t0
Mean
SD

Table 2: Means, standard deviations and ranges of age, height, bodyweight and outcomes of the Ergo-Kit FCE lifting tests and Instrument
for Disability Risk (IDR) at t0 (baseline), t1 and t2 (N = 60).

IDR at t1
r
-0.14
-0.04
-0.39**
-0.29*
-0.19
PV
1.96
0.16
15.21
8.41
3.61

AUC
0.50
0.45
0.72
0.67
0.62

IDR at t2
r
-0.10
-0.09
-0.32*
-0.19
-0.22
PV
1.00
0.81
10.24
3.61
4.84

AUC
0.53
0.52
0.68
0.60
0.58

Variables
Back-torso lift test
Shoulder lift test
Carrying lifting strength test
Lower lifting strength test
Upper lifting strength test
N, number of subjects; CI, confidence interval; P, p-value

β
0.008
0.009
0.030
0.045
0.027

Hazard ratio
1.00
1.00
1.03
1.05
1.03

95% CI
1.00 – 1.02
1.00 – 1.02
1.00 – 1.05
1.02 – 1.07
1.00 – 1.06

P
0.07
0.22
0.01
0.00
0.06

Table 5: Predictive validity of the Ergo-Kit FCE lifting tests on RTW (number of days on sick leave until return to work): Cox proportional
hazards regression analysis (N = 60).

Back-torso lift test at t0
Shoulder lift test at t0
Carrying lifting strength test at t0
Lower lifting strength test at t0
Upper lifting strength test at t0
N, number of subjects; *, p < .05; **, p < .01

Variables

Table 4: Predictive validity of the Ergo-Kit FCE lifting tests at t0 (baseline) on the Instrument for Disability Risk (IDR) at t1 and t2:
correlations (r), proportions of variance (PV) and Area under the curve (AUC) (N = 60).
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t1 between the Carrying lifting strength test and the IDR. Furthermore, proportions of
variance at t1 ranged from 13 to 22% for the three dynamic EK FCE lifting tests.

Predictive validity IDR
The relationships between the five EK FCE lifting tests scores at t0 (baseline) and the
IDR outcomes at t1 and at t2 are presented in Table 4. One dynamic EK FCE lifting test,
the Carrying lifting strength test, had a moderate correlation with the IDR (-0.39 at t1
and -0.32 at t2), showing a moderate predictive validity on future work disability risk. In
addition, an acceptable predictive ability of the Carrying lifting strength test for IDR
outcomes was confirmed by an AUC value of 0.72 at t1. Weak associations were found
between the scores on the other four out of the five EK FCE lifting tests and the IDR
outcomes, ranging from -0.04 to -0.29. In addition, the AUC of these four EK FCE lifting
tests ranged between 0.45 and 0.67, showing poor abilities to predict the IDR
outcomes at t1 and t2 from the EK FCE lifting test scores.

Predictive validity durable RTW
Table 5 shows the results of the Cox proportional hazards regression analyses,
revealing that two out of the EK FCE lifting tests (Carrying and Lower lifting strength
test) were significant (p ≤ 0.03) although weak (HR = 1.03; HR = 1.05) predictors of the
number of days on sick leave until durable RTW. The predictive validity of the other
three lifting tests on durable RTW was poor (p > 0.05).

Discussion
Using a longitudinal within-subject design, the aim of this study was to evaluate the
criterion-related (concurrent and predictive) validity of five EK FCE lifting tests (two
isometric and three dynamic) in construction workers who were on sick leave at
baseline because of MSDs. Concurrent validity between the two isometric EK FCE
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lifting tests and the IDR, the reference test for future work disability risk, was found to
be poor while concurrent validity between the three dynamic EK FCE lifting tests and
the IDR was moderate. One dynamic EK FCE lifting test, the Carrying lifting strength
test, showed a moderate level of predictive validity on the IDR. The predictive validity of
the other four out of the five EK FCE lifting tests on the IDR was poor. Furthermore, the
predictive validity of the five EK FCE lifting tests on durable RTW (i.e., number of days
on sick leave until full durable RTW) could not be established. Overall, the criterionrelated validity with future work disability risk was poor for the two isometric EK lifting
tests and moderate for the three dynamic lifting tests, especially the Carrying lifting
strength test. The predictive validity on durable RTW was significant but poor in two out
of the five EK FCE tests.
Conducting a validity study of an instrument inevitably entails some methodological and
procedural considerations, especially with regard to the study population, the reference
test, the design and the statistical analyses. First, the study population chosen in any
validity study is essential in order to validate correctly the evaluated instrument or test.
As FCEs strive to report physical work-ability, the selection of construction workers in
our validity study seems relevant as construction workers perform jobs particularly
exposed to manual material handling, which is strongly related to the occurrence of
MSDs and to sick leave (2,3). In addition, among all manual material handling activities
performed in the jobs of the construction industry, lifting is definitely a dominant activity
(2,3), making our choice of construction workers in the assessment of the EK FCE
lifting tests validity even more appropriate. In order to keep 60 participants in the study
after the one-year follow-up period, 72 were included at baseline. From these 72, eight
dropped out (11%) for the following assessment six months later, an additional one
dropped out (1%) between the second and third assessment, and three participants
(4%) had missing value(s) on the EK FCE tests during the one-year follow-up period.
The main reason for drop out was that participants did not find any time or motivation to
be assessed again on the EK FCE lifting tests because they already returned to work,
or they suffered from a MSD that did not allow them to be assessed again with the EK
FCE lifting tests according to our study timetable. Compared with the participants who
remained in our longitudinal study, the 12 participants who had missing value(s) and
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were therefore excluded in the analyses were slightly younger (mean age of 37 years
old) and stayed longer on sick leave (169 days). Finally, 60 construction workers
completed the three assessments without any missing value(s) during the one-year
follow-up period (83%), which appears as a relatively high rate. One reason for
participants remaining in the study could be the financial reward they received: in
addition to the traveling expenses, they received 50 Euro per assessment (150 Euro for
the whole study period) and were entered into a lottery for a traveler’s cheque with a
value of 1000 Euro. All in all, the use of construction workers and the few drop-outs are
strengths of the present study, as it seemed legitimate to select such a population in
the validation process of the EK FCE lifting tests.
Second, with regard to the reference test selected, we could put forth reasons to justify
the selection of the IDR for our criterion-related validity study. The concept that is
measured by the EK FCE lifting tests is physical work-ability. As no gold standard is
available for physical work-ability (16,17), a well-grounded instrument, accepted and
used in practice, measuring physical work-ability or an affiliated relevant concept had to
be selected. Considering the use of construction workers as participants in our study,
especially in the context of the Dutch construction industry, and the need to have a test
that was affiliated with the concept of physical work-ability, our search for a reference
test resulted in the IDR. The IDR is intended to be used in the case of construction
workers to assess future work disability risk due to MSDs, which seems an acceptable
affiliated concept for (physical) work-ability. Furthermore, within the nine questions of
the IDR, physical work-ability is specifically addressed. It also indirectly assesses the
respondent’s lifting ability, as this activity is one of the most important for jobs in the
construction industry. Thus, as no gold standard is available for physical work-ability,
the IDR appears as a rational reference test to assess the criterion-related validity of
the EK FCE lifting tests in the construction industry.
Third, to explore and establish relationships particularly between the outcome(s) of
evaluated instrument(s) (i.e., independent variable(s) at baseline) and the outcome(s)
of interest (i.e., dependent variable(s)) during a follow-up period, an observational
prospective longitudinal study design was the best suited research design, even if
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observational studies provide weaker empirical evidence than do experimental studies
(33). In the present study, a longitudinal within-subject design was used to assess
criterion-related validity, which seemed relevant for predictive validity. In addition, as
stated earlier, loss to follow-up has not been a critical issue as the rate of dropouts was
low in our one-year follow-up period. Furthermore, a strength of the design chosen for
this study was the possibility to assess concurrent validity between the EK FCE lifting
tests and the IDR at three different moments within one year, allowing a comparison
over time of the concurrent validity and the evaluation of the durability of validity in a
‘changing’ population, that is, workers recovering from MSDs and sickness absence. In
the present study, the concurrent validity, particular of the dynamic EK FCE lifting tests,
with future work disability risk changed substantially between baseline and either the
second or third assessments.
Finally, with regard to the analyses, different statistical tools have been applied.
Pearson correlation coefficients were used and proportions of variance were calculated
to assess the association between the five EK FCE lifting tests and the IDR.
Furthermore, based on the cut-off point of 38% set by experts as a higher risk for work
disability (20,21), the IDR binominal outcomes allowed us to also use the AUC in order
to evaluated the ability of the EK FCE lifting tests to predict the IDR outcomes. For
predictive validity, regression analyses are often used. In our study, the purpose was
not to find a model or a combination of EK FCE lifting tests that would predict the IDR,
but to examine whether each FCE test could predict the IDR. For that reason, no
regression analyses were performed and only correlation coefficients were calculated.
In addition, the calculation of the proportion of variance from the correlation coefficients
has some similarities with the R-squares available through regression analyses. Cox
proportional hazards regression analysis was also conducted for each EK FCE lifting
test to analyse the independent predictive powers on the number of days on sick leave
until full durable RTW. All in all, the statistical tools that have been used were
appropriate for the research questions in this criterion-related validity study.
As FCEs has been recently a topic of interest (34), our results can be compared with
other criterion-related validity studies. As in the present study, some authors tried to
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assess the concurrent validity of FCE tests with self-reported questionnaires measuring
disability-related concepts. Similar to our results, Reneman et al. found low to
moderate levels of concurrent validity between the Isernhagen Work Systems (IWS)
FCE lifting and carrying tests, and three self-reported disability questionnaires (RolandMorris Disability questionnaire, Oswestry Back Pain Disability Scale and Quebec Back
Pain Disability Scale), while Gross and Battié found fair-to-moderate associations
between the IWS FCE carrying and lifting tests, and the Pain Disability Index and pain
visual analogue scale (35-37). From this perspective, it can be suggested that physical
work-ability, measured through the IWS or EK FCE, and self-reported questionnaires
measuring disability-related concepts, can be seen as affiliated or related to each
other. However, a study comparing concurrently the IWS and EK FCE lifting tests
showed that both the FCEs produced different results, meaning that the IWS and EK
can not be used interchangeably (38). In our study, the predictive validity of four out of
the five EK FCE lifting tests on future work disability risk was not established and the
durable RTW could not be predicted by the EK FCE lifting tests (1.00 ≤ HR ≤ 1.03).
These results are in line with others studies (39-41) that dealt with the predictive value
of FCEs on RTW, although these studies were conducted in a different context (i.e.,
work disability claim context). Gross and Battié found that a better lifting ability was
weakly related to either faster or safer RTW. Using data from a prospective cohort
study of subjects with chronic low back pain, the same authors also found that better
FCE performance was slightly associated with RTW (39-41). An explanation for our
results may be the quick evolution over time of the nature of the participants’ MSDs.
Another possibility may be that the expectation that FCEs, which measure current
physical work-ability, have prognostic value on future work-related concepts could be
just too ambitious and not realistic.
From the results of this study, it seems that only one test out of the five EK FCE lifting
tests evaluated, the Carrying lifting strength test, gives information that is moderately
valid for the construction industry. The isometric EK FCE lifting tests, reflecting
maximal lift capacity, did not give valid measurements with regard to future work
disability risk and RTW. Lasting only a few seconds, the two isometric tests appeared
less relevant for the work demands in the construction industry and this may partially

132

Chapter 6

Criterion-related validity of EK FCE lifting tests

explain the results of our study. Compared with the other two dynamic EK FCE lifting
tests, the Carrying lifting strength test reflects the largest number of activities such as
gripping, lifting, bending, carrying and walking. Walking is especially responsible for the
longer time needed for the assessment and seems relevant to the physical work
demands of construction workers, which could be an explanation for its moderate
association with future work disability risk. However, as it presents only a moderate
evidence of criterion-related validity, the Carrying lifting strength test cannot be used
solely for jobs exposed to manual material handling as a test used by occupational
professionals working in health and safety services. In addition, the construct validity of
the five EK FCE lifting tests, including this Carrying lifting strength test, was not
supported (42).
Thus, it seems necessary to first evaluate whether the information from the Carrying
lifting strength test, in combination with information provided by anamnesis, clinical
examination and self-reported questionnaires, could have an added value for the
judgment and decision making process of occupational professionals in their
assessment of physical work-ability. If so, and only if so, the assessment of the
Carrying lifting strength test could provide occupational professionals with useful and
valid information on several activities in a rapid and efficient way, and it would also
enhance the practicality of using FCEs to some extent. Indeed, FCEs practicality is
known to be limited as they are often generic and time consuming. This practicality
aspect has been logically a topic of interest for some authors as efforts have been
made to increase the FCE practicality by selecting functional tests from the full FCE
that may be appropriate for specific defined jobs (43-45). However, further research on
shorter and more specific FCEs are still needed to support their application in
occupational medicine for heavy physical jobs such as construction workers,
firefighters or garbage collectors. Furthermore, gathering information from different
sources such as self-reported questionnaires, clinical examination and performancebased testing (i.e., FCEs), could lead to an optimal assessment of current physical
work-ability, and should be subject to further research.
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Conclusion
Criterion-related validity with future work disability risk in sick-listed construction
workers with MSDs was poor for the two isometric EK lifting tests and moderate for the
three dynamic lifting tests, with the highest value for the Carrying lifting strength test.
Good predictive validity of the five EK FCE lifting tests on durable RTW was not
observed; although in two out of the five EK FCE tests it was significant, the validity
was weak.
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Appendix: Instrument for Disability Risk (IDR) (20,21).
1. How would you rate your current work ability compared with the lifetime best, where 0 is ‘not
able to work‘ and 10 is ‘best work ability ever’? (0-10 scale)
2. How would you rate your current work ability with regard to the physical work demands of
your job?’ (5-points Likert scale)
3 How would you rate your current work ability with regard to the psychological work demands
of your job? (5-points Likert scale)
4. From the following list of 51 diseases, give the number of current diseases you have that
were diagnosed by a physician and / or diagnosed by your self. (number of diseases)
5. Give your estimation of work impairment due to diseases. (1-6 scale)
6. How many days were you on sick leave during the past year? (1-5 scale)
7. From your own judgment, do you think you will be working in your own job in two years? (3points Likert scale)
8a. Lately, do you enjoy your daily life? (5-points Likert scale)
8b. Lately, have you been active and fit? (5-points Likert scale)
8c. Lately, have you had trust in the future? (5-points Likert scale)
9a. Do you have regular neck stiffness or pain? (binominal)
9b. Do you have regular stiffness or pain in the upper extremity? (binominal)
9c. Do you have regular back stiffness or pain? (binominal)
9d. Do you have regular stiffness or pain in the lower extremity? (binominal)

135

Criterion-related validity of EK FCE lifting tests

Chapter 6

References
1. Feldman RP, Goodrich JT. The Edwin Smith Surgical Papyrus. Child’s Nerv Syst.
1999;15:281-284
2. Kuiper JI, Burdorf A, Verbeek JHAM, Frings-Dresen MHW, van der Beek AJ, Viikari-Juntura
ERA. Epidemiologic evidence on manual materials handling as risk factor for back disorders: a
systematic review. Int J Indus Ergon. 1999;24:389-404
3. van der Molen HF, Sluiter JK, Hulshof CTJ, Vink P, Frings-Dresen MHW. Effectiveness of
measures and implementation strategies in reducing physical work demands duet o manual
handling at work. Scand J Work Environ Health. 2005;31 suppl 2:75-87
4. Schneider SP. Musculoskeletal injuries in construction: a review of the literature. Appl Occup
Environ Hyg. 2001;16:1056-1064
5. The construction chart book - The U.S. Construction Industry and its Workers. The Centre for
Construction Research and Training. Report, 2007
6. Wind H, Gouttebarge V, Kuijer PPFM, Sluiter JK, Frings-Dresen MHW. The utility of
Functional Capacity Evaluation: the opinion of physicians and other experts in the field of return
to work and disability claims. Int Arch Occup Environ Health. 2006;79:505-513
7. King PM, Tuckwell N, Barrett TE. A Critical Review of Functional Capacity Evaluations. Phys
Ther. 1998;78:852-866
8. Strong S. Functional capacity evaluation: the good, the bad and the ugly. OT Now.
2002;Jan/Feb:5-9
9. Vasudevan SV. Role of functional capacity assessment in disability evaluation. J Back
Musculoskelet Rehabil. 1996;6:237-248
10. Ergo-Kit Functionele Capaciteit Evaluatie. Handleiding. Ergo Control. Enschede, The
Netherlands [EK FCE Ergo-Kit functional capacity evaluation: User manual. In Dutch] 2002
11. Matheson LN, Mooney V, Grant JE, Legget S, Kenny K. Standardized evaluation of work
capacity. J Back Musculoskelet Rehabil. 1996;6:249-264
12. Mooney V. Functional capacity evaluation. Orthopedics 2002;25:1094-1099
13. Innes E, Straker L. Validity of work-related assessments. Work. 1999;13:125-152
14. Streiner DL, Norman GR. Health measurement scales: a practical guide to their
development and use. New York: Oxford University Press 2003
15. Portney LG, Watkins MP. Foundations of clinical research: Applications to practice. New
Jersey: Prentice-Hall, 2000

136

Chapter 6

Criterion-related validity of EK FCE lifting tests

16. Wind H, Gouttebarge V, Kuijer PPFM, Frings-Dresen MHW. Assessment of functional
capacity of the musculoskeletal system in the context of work, daily living, and sport: a
systematic review. J Occup Rehabil. 2005;15:253-272
17. Gouttebarge V, Wind H, Kuijer PPFM, Sluiter JK, Frings-Dresen MHW. Reliability and
validity of Functional Capacity Evaluation methods: a systematic review with reference to
Blankenship system, Ergos work simulator, Ergo-Kit and Isernhagen work system. Int Arch
Occup Environ Health. 2004;77:527-537
18. Baxter P. Invalid measurement validity. Dev Med Child Neurol. 2005;47:291-291
19. Lambert HC, Gisel EG, Wood-Dauphinee. The Functional Assessment of Dysphagia:
Psychometric Standards. Phys Occup Ther Geriatr. 2002;19:1-14
20.Burdof A, Frings-Dresen MHW. Ontwikkeling van de WAO-indicator- Gezondheidskundige
identificatie van werknemers met een sterk verhoogd risico op arbeidsongeschiktheid
[Development of the Instrument for Disability Risk. In Dutch]. 2002
21. Burdof A, Frings-Dresen MHW, van Duivenbooden JC, Elders LAM. Development of a
decision model to identify worders at risk of long-term disability in the construction industry.
Scand J Work Environ Health. 2005;31 suppl 2:31-36
22. Tuomo K, Ilmarinen J, Jahkola A, Katajarinne L, Tulkki A. Tyokykyindeksi [Work ability
index]. Helsinki: Tyoterveyslaitos;1997. Tyoterveyhuolto 19
23. Wind H, Gouttebarge V, Kuijer PPFM, Sluiter JK, Frings-Dresen MHW. The complementary
value of Functional Capacity Evaluation for physicians in assessing the physical work-ability of
workers with musculoskeletal disorders. Submitted
24. Wind H, Gouttebarge V, Kuijer PPFM, Sluiter JK, Frings-Dresen MHW. The effect of
Functional Capacity Evaluation assessment on the judgment of insurance physicians of the
physical work-ability in the context of disability claims. Submitted
25. Wind H, Gouttebarge V, Kuijer PPFM, Sluiter JK, Frings-Dresen MHW. The utility of
Functional Capacity Evaluation: the opinion of physicians and other experts in the field of return
to work and disability claims. Int Arch Occup Environ Health. 2006;79:505-513
26. Gouttebarge V, Wind H, Kuijer PPFM, Sluiter JK, Frings-Dresen MHW. Intra- and interrater
reliability of the Ergo-Kit FCE method in adults without musculoskeletal complaints. Arch Phys
Med Rehabil. 2005;86:2354-2360
27. Gouttebarge V, Wind H, Kuijer PPFM, Sluiter JK, Frings-Dresen MHW. Reliability and
agreement of 5 Ergo-Kit Functional Capacity Evaluation lifting tests in subjects with low back
pain. Arch Phys Med Rehabil. 2006;87:1365-1370
28. Heymans MW, de Vet HCW, Knol DL, Bongers PM, Koes BW, van Mechelen W. Workers’
beliefs and expectations affect return to work over 12 months. J Occup Rehabil. 2006;16:685695

137

Criterion-related validity of EK FCE lifting tests

Chapter 6

29. Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, New Jersey:
Lawrence Earlbaum Associates,1988
30. Altman DG. Practical statistics for medical research. London: Chapman and Hall, 1991
31. Hosmer DW, Lemeshow S. Applied logistic regression. New York, John Wiley & Sons; 2000
32. Petrie A, Sabin S. Medical Statistics at a glance. Oxford: Blackwell Publishing; 2005
33. Concato J. Observational Versus Experimental Studies: What’s the Evidence for a
Hierarchy? NeuroRx. 2004;1:341–347
34. Innes Ev. Reliability and validity of Functional Capacity Evaluations: an update. Int J Disabil
Manag Res. 2006;1:135-148
35. Reneman MF, Jorritsma W, Schellekens JMH, Goeken LNH. Concurrent validity of
questionnaire and performance-based disability measurements in patients with chronic low back
pain. J Occup Rehabil. 2002:12:119-129
36. Gross DP, Battié MC. Construct validity of a kinesiophysical functional capacity evaluation
administrated within a worker´s compensation environment. J Occup Rehabil. 2003;13:287-295
37. Gross DP, Battié MC. Factors influencing results of Functional Capacity Evaluations in
workers’ compensation claimant with low back pain. Phys Ther. 2005;85:315-322
38. IJmker S, Gerrits EHJ, Reneman MF. Upper lifting performance of healthy Young adults in
functional capacity evaluations: a comparison of two protocols. J Occup Rehabil. 2003;13:297305
39. Gross DP, Battié MC, Cassidy JD. The prognostic value of functional capacity evaluation in
patients with chronic low back pain: part 1: timely return to work. Spine. 2004;29:914-919
40. Gross DP, Battié MC, Cassidy JD. The prognostic value of functional capacity evaluation in
patients with chronic low back pain: part 2: sustained recovery. Spine. 2004;29:920-924
41. Gross DP, Battié MC. Functional Capacity Evaluation performance does not predict
sustained return to work in claimant with chronic low back pain. J Occup Rehabil. 2005;15:285294
42. Gouttebarge V, Wind H, Kuijer PPFM, Sluiter JK and Frings-Dresen MHW. Construct validity
of Functional Capacity Evaluation lifting tests in construction workers on sick leave due to
musculoskeletal disorders. Arch Phys Med Rehabil. In press
43. Frings-Dresen MHW, Sluiter JK. Development of a job-specific FCE protocol: the work
demands of hospital nurses as an example. J Occup Rehabil. 2003;13:233-248
44. Gross DP, Battié MC, Asante A. Development and validation of a short-form Functional
Capacity Evaluation for use in claimants with low back disorders. J Occup Rehabil. 2006;16:5362
45. Gross DP, Battié MC, Asante AK. Evaluation of a short-form Functional Capacity Evaluation:
less may be best. J Occup Rehabil. 2007;17:422-435

138

Chapter 7

General discussion

Chapter 7

General discussion

Background
As clinimetric properties must be evaluated before beginning to implement any test, the
main objective of this thesis was to gather scientific evidence on the clinimetric
properties, i.e. measurement quality, of Functional Capacity Evaluation (FCE) tests that
are available and used in the Netherlands, focussing on whether FCE tests give
reproducible outcomes in repeated measurements and whether the outcomes of FCE
tests are valid for the assessment of physical work-ability in a return to work context. In
this chapter, the main findings will be reported in the light of the six different research
questions, and the selection of FCE tests will be covered. Then, the clinimetrics model
illustrated in the general introduction (Chapter 1) will be discussed and methodological
considerations given. A general conclusion will then be drawn, and implications for the
use of FCE tests will also be suggested in addition to areas for future research.

Main findings
In the light of the six research questions formulated in this thesis (Chapter 1), the main
findings flowing from the body of empirical studies are briefly reported in the following
section.

Reproducibility of EK FCE tests
1. What is known in the international literature about the reliability of four FCE
methods available in the Netherlands?
A systematic literature search performed using five electronic databases allowed us to
identify studies on the reproducibility of several Isernhagen Work System tests, but we
did not find any evidence of the reproducibility of the other three FCE methods
(Blankenship System, Ergos Work Simulator and Ergo-Kit), demonstrating the need for
studies of this clinimetric property (Chapter 2).
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2. How reproducible are EK FCE tests in subjects without musculoskeletal
complaints?
A within-subjects design explored the intra- and interrater reliability of seven EK FCE
tests (two isometric EK FCE lifting tests: the Back-torso lift test and the Shoulder lift
test; three dynamic EK FCE lifting tests: the Carrying lifting strength test, the Lower
lifting strength test and the Upper lifting strength test; two EK FCE manipulation tests:
the Forward manipulation test and the Lower manipulation test crouching) in adults
without musculoskeletal complaints (MSCs). Intrarater reliability was high for the two
isometric EK FCE lifting tests (intraclass correlation coefficient ICC ≥ 0.85), moderate
for the three dynamic EK FCE lifting tests (0.69 ≤ ICC ≤ 0.75), and low for the two
manipulation EK FCE tests (ICC ≤ 0.46). Interrater reliability was moderate (8-day time
interval; 0.67 ≤ ICC ≤ 0.90) to high (4-day time interval; ICC ≥ 0.85) for the two
isometric and the three dynamic EK FCE lifting tests, and low (8-day time interval; ICC
≤ 0.01) to moderate (4-day time interval; 0.74 ≤ ICC ≤ 0.78) for both manipulation EK
FCE tests (Chapter 3).

3. How reproducible are EK FCE tests in subjects suffering from
musculoskeletal complaints?
A within-subjects design was conducted on subjects suffering from low back pain (LBP)
to explore the reproducibility, i.e. reliability and agreement between two raters, of five
EK FCE lifting tests (two isometric EK FCE lifting tests: the Back-torso lift test and
Shoulder lift test; three dynamic EK FCE lifting tests: the Carrying lifting strength test,
the Lower lifting strength test and the Upper lifting strength test) that were found
reliable in adults without MSCs. With a 3-day time interval between test and retest, the
five EK FCE lifting tests were found to be highly reliable (0.84 ≤ ICC ≤ 0.97) in subjects
suffering from LBP, while the level of agreement between the two raters was
considered to be good. Standard errors of measurement (SEM) ranged from 5.0 to 8.6
kilograms (means from 37.6 to 65.9 kg; standard deviations from 18.3 to 39.5 kg) for
the isometric EK FCE lifting tests and from 1.9 to 3.7 kilograms (means from 17.0 to
24.5 kg; standard deviations from 6.3 to 11.2 kg) for the dynamic EK FCE lifting tests
(Chapter 4).
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Validity of EK FCE tests
4. What is known in the international literature about the validity of four FCE
methods available in the Netherlands?
Through a systematic literature search performed using five electronic databases,
seven original articles on the validity of FCEs available in the Netherlands (Blankenship
System, Ergos Work Simulator, Ergo-Kit and Isernhagen Work System) were identified,
with two of these seven assessing the concurrent validity of the EK FCE lifting tests
with the Ergos Work Simulator and Isernhagen Work System lifting tests. Our
systematic literature review showed low to moderate levels of validity of the EK FCE
tests, showing that this clinimetric property needs to be further studied (Chapter 2).

5. What is the construct validity of EK FCE tests in employees on sick leave due
to MSDs?
The discriminative and convergent validity of five EK FCE lifting tests (two isometric EK
FCE lifting tests: the Back-torso lift test and the Shoulder lift test; three dynamic EK
FCE lifting tests: the Carrying lifting strength test, the Lower lifting strength test and the
Upper lifting strength test) were assessed in construction workers on sick leave for
musculoskeletal disorders (MSDs). Discriminative validity was assessed by using the
Known Groups Method and forming two groups of construction workers (high risk and
low risk for future work disability based on the Instrument for Disability Risk) that were
expected to be different from each other. The expected differences between the two
groups of construction workers were observed for four out of the five EK FCE lifting
tests, although none of the five EK FCE lifting tests could significantly discriminate
between the two groups (0.07 ≤ p ≤ 0.79). Convergent validity of the five EK FCE lifting
tests with self-reported pain intensity and disability was found to be poor (-0.29 ≤
Pearson correlation coefficient r ≤ 0.05). In this study, construct validity of the five EK
FCE lifting tests in construction workers on sick leave due to MSDs could not be
supported (Chapter 5).
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6. What is the criterion-related validity of EK FCE tests in employees on sick
leave due to MSDs?
The concurrent and predictive validity of five EK FCE lifting tests (two isometric EK
FCE lifting tests: the Back-torso lift test and the Shoulder lift test; three dynamic EK
FCE lifting tests: the Carrying lifting strength test, the Lower lifting strength test and the
Upper lifting strength test) with the Instrument for Disability Risk (IDR), our reference
test for future work disability risk, was assessed in construction workers on sick leave
due to musculoskeletal disorders (MSDs). Concurrent validity with future work disability
risk at three time points during a one year period was found to be poor for the two
isometric EK FCE lifting tests (-0.15 ≤ r ≤ 0.04) and moderate for the three dynamic EK
FCE lifting tests (-0.47 ≤ r ≤ -0.31). Only one dynamic EK FCE lifting test, the Carrying
lifting strength test, showed a moderate level of predictive validity on future work
disability risk, especially six months after baseline (r =-0.39; Area under the curve
AUC=0.72). Furthermore, the predictive validity of the five EK FCE lifting tests on the
number of days on sick leave until full durable (for at least four weeks) return to work
was not established (1.00 ≤ Hazard ratio HR ≤ 1.05); it was significant for two EK FCE
lifting tests (Carrying and Lower lifting strength test), but was very weak. Therefore, in
this study, a poor level of criterion-related validity was found for the two isometric EK
lifting tests, while the three dynamic lifting tests showed some moderate evidence of
criterion-related validity with future work disability risk, especially the Carrying lifting
strength test (Chapter 6).

Selection of FCE tests
From our systematic literature review, several studies were found on the reproducibility
and validity of the Isernhagen Work System (IWS) tests, especially the lifting and
carrying tests. Intra- and interrater reliability was rated from moderate to high (ICC ≥
0.75; agreement ≥ 87%; kappa k ≥ 0.68), while evidence of predictive validity on return
to work was found by Matheson et al. (2002) but not by Gross et al. (2004) (Chapter 2).
As no reliability study was found for the Blankenship System (BS), the Ergos Work
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Simulator (EWS) or the Ergo-Kit (EK) and only limited evidence of validity was found
for the Ergos Work Simulator (EWS) and the Ergo-Kit (EK), the results of our
systematic literature search emphasized the need for empirical research on clinimetrics
of these three FCEs (Chapter 2). For our first empirical study on reproducibility, we
selected and used tests from the EK FCE rather than tests from the BS and EWS
because of its practicality and availability in the Netherlands.
Practicality is a critical issue when it comes to the selection of functional tests; some
authors even note that an FCE’s practicality is more important than statistical evidence
of reliability and validity (1-3). The practicality of a test deals with aspects such as
standardization of equipment and instructions, ease of administration, and complexity
of scoring, reporting and interpreting the data, and is also related to its direct and
indirect costs (4-6). As the EK FCE is strictly standardized and easily mobile, its
practicality seems acceptable. Furthermore, while the BS and EWS were at the time of
our first study only available in a few places in the Netherlands, the EK FCE is
forthcoming in more than thirty locations in the Netherlands. This is also an important
argument when it comes to the eventual implementation of the EK FCE because its
wide availability in the Netherlands enables occupational professionals to refer patients
nationwide to the EK FCE. Thus, based on practicality and availability, tests from the
EK FCE were chosen for use in our empirical studies.
However, as the whole EK test protocol, based on 55 tests, is completed within
approximately three hours, and as the same activity can be reflected through several
tests, the EK FCE remains time-consuming and generic, giving redundant information
for some activities: in other words, its practicality could be increased. In recent years,
the practicality of FCEs has been a topic of interest, and some studies have focused on
increasing FCE practicality by selecting functional tests from a full FCE method with
regard to a defined job (3,7). In this approach, the required job demands are converted
into a specific FCE protocol and compared to the functional physical abilities of a
worker. In this job matching approach, the results of the selected FCE tests are used to
establish whether a worker is capable of performing the required job demands in order
to facilitate and empower the return to work process. In addition, such a selection from
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a full FCE method enhances FCE practicality, but does not threaten the validity of the
selected tests (8).
Analogously to the selection of FCE tests for a defined job, as several of the ‘physical
agility’ EK FCE tests could be acknowledged as tests measuring the same activity, EK
FCE tests were selected at the start of our first empirical study (Chapter 3) in order to
enhance the practicality and to more efficiently assess the specific physical work-ability
in patients suffering from a particular MSC. Based on literature and expert opinions, a
three-step procedure was considered. First, three groups of MSCs, i.e. MSDs, were
created: upper extremity MSC, back MSC and lower extremity MSC. Second, if a
patient suffers from a particular MSC, several physical activities can be chosen that he
or she might find difficult to perform. Activities that may be troublesome to perform
were then assigned to the three aforementioned MSC groups; for instance, walking and
crouching for lower extremity MSC. The 15 ‘physical agility’ EK FCE tests were
acknowledged as tests measuring activities that were limited by either upper extremity
MSC, back MSC or lower extremity MSC. Finally, as a limited activity could be
measured by several EK FCE tests, a selection of three EK FCE tests per MSC group
was made with regard to the characteristics of the EK FCE tests.
This three-step procedure was believed to avoid eventual the redundant information
resulting from assessing the same limited activity through several EK FCE tests,
thereby enhancing practicality to some extent in order to assess physical work-ability in
a more specific and efficient way. Then, one isometric EK FCE lifting test, one dynamic
EK FCE lifting test and one manipulation EK FCE test for each of the three MSC
groups were selected. As two EK FCE tests were relevant for two MSC groups, seven
EK FCE tests were finally involved in the first empirical study on reproducibility
(Chapter 3; Table 2). With regard to the findings in this thesis, only the five EK FCE
lifting tests were found to be reproducible in subjects without MSCs or in subjects
suffering from LBP. Therefore, these tests were used in the validity studies (Chapter 5
and Chapter 6), revealing that especially the Carrying lifting strength test was found to
be moderately valid for the construction industry in a return to work context.
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Clinimetrics
As stated in chapter 1, clinimetrics is derived from psychometrics and has become a
fundamental methodological discipline in clinical research and clinical practice over the
last decade (9,10). Clinimetrics is a fundamental and ineluctable process, as
information provided by any clinical instrument can not be trusted or used in any
judgment or decision making process when the measurement quality (i.e. clinimetrics)
has not been positively evaluated. Reflected through reproducibility (i.e. reliability and
agreement) and validity, clinimetrics deals with the measurement quality of clinical
instruments and is based on classical test theory, relying on the decomposition of an
observed score into true and error scores (9-15). Measurement error can be either
random and associated with reproducibility or systematic and associated with the
aspect of validity. With regard to these theoretical and methodological considerations
about clinimetrics, a two-step model was proposed and illustrated in chapter 1 (Figure
2) to assess the measurement quality of the EK FCE tests. Conformably to this twostep model, this thesis reflects our empirical quest for scientific evidence of the
measurement quality of the EK FCE tests, reflecting both aspects of reproducibility and
validity. To illustrate the clinimetric assessment of the EK FCE tests, three EK FCE
tests, the Forward manipulation test, the Back-torso lift test and the Carrying lifting
strength test, are taken as in figure 1 in order to fit the results of our studies into the
two-step model, the levels of reproducibility and validity being reported concordantly
with the methodological quality appraisals of our literature review and being noted as ‘-’
for low, ‘+/-’ for moderate and ‘+’ for high.
The first step in the assessment of the clinimetrics of the Forward manipulation test, the
Back-torso lift test and the Carrying lifting strength test lies in the evaluation of
reproducibility (Figure 1, nr 1). As described in chapter 3, reliability of these EK FCE
tests was assessed in subjects without MSDs; a high level (+) of reliability was found
for the Back-torso lift test and Carrying lifting strength test and a poor level (-) of
reliability for the Forward manipulation test. Furthermore, a reproducibility (i.e. reliability
and agreement) study was conducted in subjects suffering from LBP (Chapter 4) and
showed a good reliability and agreement level (+) for the Back-torso lift test and
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Carrying lifting strength test. All in all, the Back-torso lift test and Carrying lifting
strength test passed the reproducibility assessment while the Forward manipulation
test failed, suggesting the presence of random error in its measurements.
Consequently, both the Back-torso lift test and Carrying lifting strength test can flow
through the following clinimetrics step, while adjustments of the Forward manipulation
test should be considered in order to reduce random error, leading eventually to a
successful reproducibility assessment.

Clst
1

Reliability:
Agreement:

2

Btlt

Fmt

Clinimetric assessment

Adjustments required

REPRODUCIBILITY
+
+

+
+

?

pass

pass

fail

Clst

Btlt

random error

Fmt

VALIDITY

Discriminative: +
Convergent:
Concurrent: +/Predictive:
+/pass
Clst

systematic error

+
fail
Btlt

3 Evidence of moderate measurement quality

4 Implementation in return to work context?

Figure 1: Empirical quest of clinimetrics of three EK FCE tests (Clst, Carrying
lifting strength test; Btlt, Back-torso lift test; Fmt, Forward manipulation test; -, low
evidence; +/-, moderate evidence; +, high evidence)
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The second step of our clinimetrics model involves the assessment of validity (Figure 1,
nr 2). In both of our validity studies, the validity of the Carrying lifting strength test and
Back-torso lift test was assessed in construction workers in a return to work context,
which should be kept in mind when evoking an eventual implementation of these tests.
As described in chapter 5, construct validity of the Back-torso lift test and Carrying
lifting strength test was assessed in construction workers on sick leave due to MSDs.
Substantial differences between two groups of construction workers (discriminative
validity) were found in the expected direction (+), but convergent validity with selfreported pain and disability was not established (-). Criterion-related validity (Chapter
6) was evaluated in the construction industry through the assessment of concurrent
validity with future work disability risk and through the assessment of predictive validity
on future work disability risk and full durable return to work. The Back-torso lift test
showed poor levels of concurrent and predictive validity (-), while the Carrying lifting
strength test showed moderate evidence of concurrent and predictive validity (+/-).
Accordingly, the Back-torso lift test failed the validity assessment, suggesting the
presence of systematic error in its measurements. Adjustments should be made and
clinimetrics should be reassessed. Unlike the Back-torso lift test, the Carrying lifting
strength test passed (but only moderately) the validity assessment.
These findings appear to be limitations of the EK FCE method, as six out of the seven
evaluated tests were found to be either not reproducible or not valid for predicting
future work disability risk or return to work. Of the seven EK FCE tests evaluated, only
the Carrying lifting strength test remains for eventual implementation in occupational
medicine for return to work decision making, especially in health and safety services for
jobs involving manual material handling. However, as only moderate scientific evidence
on the measurement quality of the Carrying lifting strength test is available (Figure 1, nr
3), implementation of this test alone appears at the moment doubtful (Figure 1, nr 4),
and its added value for occupational professionals should be studied through empirical
research. Nevertheless, it can still be cautiously suggested that reproducible and valid
EK FCE tests could be involved in the estimation of current, and only current, physical
work-(in)ability, providing occupational professionals with information about someone’s
(in)ability to perform an activity in the short term or at this moment. Several studies
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have shown that tests from different FCE methods devised to measure the same
activity produced different results because of differences in terms of the materials
needed and test procedures, underlying the lack of consensus concerning FCE’s
operationalization (6,16-18). As FCE tests from different FCEs cannot be used
interchangeably, the results of this thesis on the reproducibility and validity of EK FCE
tests do not appear generalizable to similar tests from other FCE methods.

Methodological considerations
With regard to the research questions formulated in this thesis and to the appreciation
of the main findings already described in this chapter, it seems imperative to
summarize and discuss some methodological and procedural features. In the next
section, the following issues are discussed: the study populations used and the
response rate in the longitudinal study, the designs and procedures used in the various
studies, the statistical analyses applied, and finally, the idea of a gold standard versus
a reference test.

Study populations and response rates
In the reproducibility studies, the objective was to reduce as much as possible the
variation in test scores due to the study population in order to quantify optimally the
variation due to either raters or random error. Therefore, because medical conditions
might vary between days and are likely to influence performance in repeated
measurements, it is acceptable to assume that subjects without MSCs show less
variation in performance or test scores in repeated measurements than subjects
suffering from MSCs. From this perspective, our choice to assess the reproducibility of
the EK FCE tests first in subjects without MSCs and second in subjects suffering from
LBP (Chapter 3 and Chapter 4) seems to be grounded.
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A strength of both validity studies presented in this thesis (Chapter 5 and Chapter 6)
concerns their assessment of construction workers in a return to work context, i.e.
occupational medicine. Most of the workers in the construction industry are exposed to
high physical work demands, which are strongly related to the occurrence of MSCs and
MSDs and to sick leave (19,20). Besides, among all manual material handling activities
performed in the jobs of the construction industry, lifting is a particularly dominant
activity, making our choice of the use of construction workers in a return to work
context for the assessment of the EK FCE lifting tests validity even more relevant. In
the criterion-related validity study, only a limited number of drop outs were observed
(16%) during the one year follow-up period, despite the fact that almost all participants
(85%) on sick leave at baseline did return to work within this one year follow-up period.
Seventy-two participants were assessed at baseline in order to retain 60 participants in
the study during the whole one year follow-up period. Of the 72 construction workers
who were included at baseline, 12 did not participate in one of the assessments either
six months or one year later. The main reasons given by the construction workers for
dropping out were that they did not have the time or motivation to be assessed again
on the EK FCE lifting tests because they had already returned to work, or that they
suffered from an MSD that did not allow them to be assessed again on the EK FCE
lifting tests because of the exclusion criteria of the EK FCE and our study time table.
Sixty construction workers remained over the whole one year follow-up period, which
seems to be a reasonable amount, as our original goal was to retain 50 participants for
the last assessment of the follow-up period.

Designs and procedures
In the evaluation of reproducibility, the time interval between repeated measurements
is an issue that requires further comments. Within-subjects designs have the major
disadvantage that they have the potential to be confounded either by carry-over effects
(i.e. physiological changes) or by practice effects (i.e. learning). Carry-over or learning
effects may appear when subjects are influenced by or adapt to the repetition of a test
over and over, resulting in variation in test scores not because of the poor
reproducibility level of the instrument evaluated, but because of systematic within-
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subject variation. Both carry-over and practice effects are directly related to the time
interval between repeated measurements.
There is no “gold standard” for the time interval between repeated measurements, and
in the literature, authors disagree over whether the time interval should be a few days
or a few weeks in order to minimize any physiological or psychological maturation in
the subjects (21,22). For instance, the time intervals used in the reproducibility studies
retrieved for our systematic review (Chapter 2) ranged from one day to two months (2327). A good time interval between repeated measurements should recreate in the study
population the conditions of the first test moment for the re-administration(s) of the test.
Such a “steady state” should minimize the variation in test scores within the subjects in
order to prevent, from one test moment to another, any carry-over effects or relevant
changes in the health status of the subjects. As a good reproducibility level was found
for the EK FCE lifting tests, it can be assumed that the time intervals of four days and
three days chosen for our two reproducibility studies appeared well-suited to guarantee
a steady state in our study populations. Indeed, we noticed post-hoc that no substantial
increase or decrease in EK FCE test scores appeared from the first assessment
moment to the second (for instance, a mean test-retest difference of 0,1 kg for the
Carrying lifting strength test in subjects suffering from LBP), confirming that carry-over
effects were not of importance in our studies. A strength of the design used in our first
empirical study (Chapter 3) was the use of three assessment moments, allowing a
comparison of interrater reliability over two time intervals (4-day and 8-day time
intervals). The results of this study showed that the level of interrater reliability was
lower with an 8-day time interval (-0.27 ≤ ICC ≤ 0.90) than with a 4-day time interval
(0.74 ≤ ICC ≤ 0.96) in six out of the seven EK FCE tests evaluated, indicating that a
shorter time interval might be more appropriate to avoid within-subject variation in test
scores from one test moment to another. Therefore, a 3-day time interval was used in
the following reproducibility study, and again, minimal within-subject variation was
observed. In addition, a counterbalanced within-subjects design was used in both of
our reproducibility studies in order to avoid bias due to the importance of rater testing
order.
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With regard to the reliability of the forward and lower manipulation EK FCE tests
(Chapter 3), one procedural aspect could have improved upon afterwards. The
manipulation EK FCE tests are functional tests in which the subject’s learning capacity
influences considerably the variation of test scores in repeated measurements. For
both manipulation EK FCE tests, we found moderate to low levels of reliability because
of the large variation in subject test scores from the first to the second assessment
period. This variation could be attributed to practice, i.e. learning effects, influencing
subjects’ performance at the readministrations of these tests. In order to minimize
these carry-over effects due to learning, one or more training session(s) could have
been involved in the study procedure before completion of the first assessment of the
forward and lower manipulation EK FCE tests. However, as the forward and lower
manipulation EK FCE tests were not found to be reproducible in adults without MSDs,
neither of these tests were used in our ensuing studies.
It is worth noting that most relevant forms of validity for functional tests (i.e.
discriminative, convergent, concurrent and predictive) have been explored in the
present thesis. To particularly explore and establish relationships between independent
variable(s) at baseline and dependent variable(s) during a follow-up period, an
observational prospective longitudinal study design appears as the best suited, even if
observational studies provide weaker empirical evidence than do experimental studies
(28). To evaluate the concurrent and predictive validity of the EK FCE lifting tests in
construction workers (Chapter 6), an (observational) prospective longitudinal study
design was used. A strength of this design was the capability of assessing concurrent
validity between the EK FCE lifting tests and our reference test, the IDR, at three time
points within one year, allowing a comparison over time of degrees of concurrent
validity. For instance, the degree of concurrent validity of the dynamic EK FCE lifting
tests with future work disability risk changed substantially between baseline (-0.17 ≤ r ≤
-0.12) and the second (-0.47 ≤ r ≤ -0.36) and third (-0.33 ≤ r ≤ -0.23) assessment
moments, suggesting that the level of concurrent validity is not stable over time and
questioning the durability of this form of validity, especially in a ‘changing’ population
recovering from MSDs and sickness absence.
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Statistical analyses
In recent years, the intraclass correlation coefficient (ICC) has been preferred over the
(Pearson) correlation coefficient to express levels of reliability, as it takes into account
the agreement within subjects between two test outcomes. Furthermore, ICC allows
estimation of the reliability of either a single rater (intrarater or intraobserver) or any
number of raters (interrater or interobserver). Furthermore, with the calculation of
variance between subjects and between raters and variance due to measurement
error, raw agreement in test scores could be calculated and expressed as Standard
Error of Measurement (SEM) (Chapter 4). The SEM gives useful information
concerning the minimal change in test scores that must be detected in order to attribute
this change to a clinically relevant change and not to random error in the population
that has been studied. The calculation of SEM is a form of raw agreement that is
simple, intuitive and clinically meaningful. However, if no similar data have been
previously reported in the literature, as for the EK FCE tests, the establishment of a
cut-off value for clinical relevance can not be based on existing evidence and should be
based on the practitioner’s knowledge or experience with the evaluated test(s). In our
study, SEMs ranged from 1.9 (Upper lifting strength test) to 8.6 (Back-torso lift test)
kilograms, appearing especially acceptable for the three dynamic EK FCE lifting tests
when comparing their SEMs (1.9 to 3.7 kg) to their means (17.0 to 24.5 kg) and
standard deviations (6.3 to 11.2 kg).
In this thesis, several statistical tools have been used to assess the validity of five EK
FCE lifting tests. For concurrent and predictive validity, associations were evaluated
using Pearson correlation coefficients, and proportions of variance were calculated. For
predictive validity, regression analyses are often used to find a model of the
independent variables responsible for the prediction of a dependent variable. In our
study, it has never been of interest to seek any model within the EK FCE lifting tests or
to select some FCE tests that would together make up a good predictive model. We
wondered whether the EK FCE lifting tests, independent from each other, could predict
our dependent variable. Therefore, no regression analyses were performed. In
addition, the calculation of the proportion of variance from the correlation coefficients is
the same as the R squared available through regression analyses.
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Moreover, in addition to a continuous outcome (percentage), the IDR also gives a
binominal outcome based on the cut-off point of 38% set by experts for a higher risk for
work disability (29,30). Then, the area under the receiver operating characteristic curve
was used in order to evaluate the ability of the EK FCE lifting tests to predict the
outcomes of the IDR, which is a well accepted statistical tool for that purpose (31). As
we had information on the registered number of days on sick leave until full durable
RTW, Cox proportional hazards regression analysis was conducted separately for each
EK FCE lifting test, Cox regression being especially adapted and advised to analyse
the predictive power of covariates on a time-to-event dependent variable (32). All in all,
a broad battery of statistical tools has been used, representing a strength of this
criterion-related validity study.

Gold standard versus reference test
As noticed in earlier chapters of this thesis, no gold standard is likely to be available for
the assessment of physical work-ability in an occupational setting, either for
rehabilitation, return to work or disability claims (33,34). In recent years, authors have
suggested different alternatives for the assessment of criterion-related validity when
gold standards are missing or imperfect, and terms such as “silver standard” or
“reference test” made their appearance in the fields of psychometrics and clinimetrics
(35-38). A reference test should act as a second best-case scenario striving to be a
well-grounded instrument, commonly used in practice and accepted by experts for a
particular setting or sector, and should preferably have some clinimetric evidence.
Due to the unavailability of a gold standard, we have tried to assess the criterionrelated validity of the EK FCE lifting tests. We searched for an instrument that could act
as a reference test by measuring an affiliated concept as close as possible to the
criterion measured by the EK FCE lifting tests. Originally, the EK FCE assess physical
work-ability, and the EK FCE lifting tests measure lifting capacity in particular but also
reflect other activities relevant for physical work-ability, such as gripping, bending,
reaching and walking. Consequently, they also reveal the inability or incapability to
perform these activities.
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Accordingly, an instrument was sought that would measure an associated relevant
concept for the EK FCE lifting tests, dealing with physical work-ability or reflecting the
inability to perform physical work. The IDR was then selected to act as a reference test
in our criterion-related validity study. The IDR is a well-grounded, widely used and
accepted instrument in the construction industry that measures through nine questions
the risk for future (physical) work disability due to MSDs (29,30). Furthermore, lifting is
one of the most important parameters in occupations of the construction industry, and
the nine questions of the IDR addressing physical work-ability indirectly reflect the
respondent’s lifting ability. Moreover, jobs in the construction industry are particularly
exposed to manual material handling, making this sector relevant for physical workability and FCE tests. Therefore, the IDR was chosen to assess the criterion-related
validity of the EK FCE lifting tests.
In addition, we also used RTW as a criterion to assess the predictive validity of the EK
FCE lifting tests. RTW, reflected in our study as the number of days on sick leave until
full durable (for at least four weeks) return to work, is an important outcome in
occupational medicine. Whether the term of concurrent validity can still be used when a
(self-reported) reference test is used instead of a gold standard remains in doubt, and
whether future work disability risk or RTW are affiliated criteria for the EK FCE lifting
tests can be argued, but validating a test when no gold standard is available requires
gathering evidence of different forms of validity (38).

General conclusion
The The objective of this thesis was to gather scientific evidence on the clinimetric
properties of Functional Capacity Evaluation (FCE) tests, especially the Ergo-Kit FCE
tests. Our literature study showed that there was not enough scientific evidence
available on the clinimetric properties of most FCEs and that more studies were
needed to demonstrate their reproducibility and validity.
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With regard to the reproducibility of the EK FCE tests, it can be concluded that two
isometric and three dynamic EK FCE lifting tests have moderate to high levels of
reliability in subjects without MSCs, while the intra- and interrater reliabilities of the two
EK FCE manipulation tests were found to be low. Furthermore, the reliability and
agreement of two isometric and three dynamic EK FCE lifting were good in subjects
suffering from LBP.
With regard to construct validity, it can be concluded that the construct validity of the
EK FCE lifting tests was not supported in construction workers on sick leave due to
MSDs. Discriminative validity was not statistically established between a group with a
high risk for future work disability and a low-risk group, even if differences in test scores
between the two IDR groups occurred in the expected direction, and a poor level of
convergent validity was found between the five EK FCE lifting tests and self-reported
pain intensity and disability.
With regard to the criterion-related validity assessed in construction workers, it can be
concluded that the isometric EK FCE lifting tests have poor levels of concurrent and
predictive validity with future work disability risk. The dynamic EK FCE lifting tests
showed some moderate evidence of concurrent and predictive validity with future work
disability risk in the construction industry, especially the Carrying lifting strength test.
Predictive validity of the five EK FCE lifting tests on full durable RTW was not
supported, although it was weakly statistically significant for two EK FCE lifting tests.

Implications for practice
In the present thesis, scientific evidence on the clinimetrics, i.e. reproducibility and
validity, of the EK FCE tests has been gathered, either through literature or empirical
research, reproducibility being evaluated through repeated measurements and validity
studies being conducted in the context of occupational medicine for return to work. In
light of the main findings reported herein, some implications can be suggested.
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The EK certified raters (users) should be aware that the EK FCE manipulation tests
were not reproducible in subjects without MSCs and that the EK FCE lifting tests were
reproducible in subjects without MSDs and in subjects suffering from LBP. Certified EK
FCE raters working in a rehabilitation context should take these results into
consideration and apply only the reproducible EK FCE lifting tests for their evaluation of
a patient’s status, i.e. for the evolution of his or her physical work-(dis)ability over time,
in order to better value clinical changes over time. The EK provider should take these
results into consideration and adjust the manipulation tests or procedures in order to
enhance their reproducibility.
Originally, the EK FCE strives to report the generic physical work-ability of subjects
with or without MSDs. The Carrying lifting strength test alone can not be assessed in
order to gain insight into generic physical work-ability, but rather it provides a measure
of a more specific physical work-ability at a given moment for employees working in
jobs involving manual material handling.
Just before an employee’s sixth week of sick leave, occupational professionals working
in the Dutch return to work context should be able to refer employees sick-listed
because of MSDs to the Carrying lifting strength test, especially when they perform
jobs involving manual material handling, such as construction workers, firefighters and
garbage collectors.
Occupational professionals should also have knowledge of the dynamic EK FCE lifting
tests’ interpretation in order to optimally use information from these tests in
combination, for instance, with information provided by clinical examination and
anamnesis, in their decision-making process for return to work. However, whether
information provided by these EK FCE lifting tests has added value for the occupational
professionals must first be evaluated.
Occupational professionals working for the Dutch construction industry have use of
several instruments, such as the Instrument for Disability Risk and work-ability-graphs
(39), for their assessment of (physical) work-(dis)ability. Besides these instruments,
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occupational physicians could also incorporate information from reproducible and valid
performance-based EK FCE lifting tests in combination, for instance, with information
from anamnesis and clinical examination, in their judgment and decision-making
process for return to work.

Future research
FCEs’ validity should be particularly subject to further research involving different study
populations with regard to type of MSDs and occupational contexts in order to
generalize its application. In this thesis, the validity of the EK FCE tests was evaluated
in a return to work context for the construction industry, as it appeared to be a relevant
sector for FCEs. Other sectors where employees are also exposed to manual material
handling, i.e. heavy physical work demands, should be involved. Furthermore, the
discriminative validity of the EK FCE tests has been evaluated within two groups of
construction workers and could also focus on two other groups, for instance sick-listed
versus not, or either different types of MSDs or different functions or jobs.
The added value of the EK FCE tests has been evaluated in the context of work
disability claims (40,41) and should be assessed now in rehabilitation and return to
work contexts as well. Particularly in rehabilitation, the aspect of responsiveness is
relevant and should also be evaluated through prospective longitudinal designs in order
to determine whether FCE tests can provide insight into relevant clinical changes in
patient’s status over time as part of a rehabilitation program.
Particular attention should be paid to FCEs’ practicality. As noted in chapter 7,
practicality is a critical issue for FCEs and appears limited. Research on a short-form
FCE protocol, striving to be less invasive, less generic and less time consuming,
should be conducted, for instance for a specific type of MSDs or a particular job. Then,
what is the validity of such a short-form FCE protocol?
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Finally, studies are needed to support the hypothesis that a combination of information
provided from different sources, such as the clinical examination, self-reported
questionnaires and performance-based testing, could give occupational professionals a
better insight into physical work-(dis)ability, hopefully leading to optimal judgment and
decision making in a return to work context.
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In the present thesis, clinimetric properties of Functional Capacity Evaluation (FCE)
tests, purposed to measure physical work-ability, are evaluated. Clinimetrics deals with
the design, administration and interpretation of instruments or tests meant to properly,
usefully and accurately measure clinical and epidemiological variables. As stated in
chapter 1, accurate measurements are a prerequisite for using any instrument or test
for any purpose in any given context. Clinimetrics is covered by two major
considerations: reproducibility and validity. Both of these considerations are
fundamental for determining an instrument or test’s quality of measurement.
As musculoskeletal complaints (MSCs) and disorders (MSDs) are the primary reason
for long-term sickness absence and work-related disability, properly and accurately
assessing physical work-ability is an imperative matter in the contexts of rehabilitation,
return to work and work disability. Professionals, working either in rehabilitation,
occupational medicine or insurance medicine, do not possess many instruments to
assess physical work-ability. Instead, they rely principally on the patient’s anamnesis
and their physical examination. The use of complementary information, provided from a
relevant performance-based instrument that is specifically developed to assess
physical work-ability, could empower their judgement and decision making process.
However, whether a judgement or decision can be based on an instrument outcome
depends on the measurement quality of this instrument, i.e., its clinimetric properties
(Chapter 1).
FCE methods are performance-based assessments that claim to measure the current
physical work-ability of a person with or without MSCs. The Ergo-Kit (EK) FCE is one of
the available FCEs in the Netherlands. Based on observation and testing criteria, the
different EK FCE tests assess work-related activities such as sitting, reaching, bending,
carrying and lifting. Whether the EK FCE tests could assist occupational professionals
in their assessment of physical work-ability depends on their clinimetric properties, i.e.,
whether the EK FCE tests give reproducible and valid outcomes.
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The following research questions are assessed in this thesis:
1. What is known in the international literature about the reliability of four FCE
methods available in the Netherlands? (Chapter 2)
2. How reproducible are EK FCE tests in subjects without musculoskeletal
complaints? (Chapter 3)
3. How

reproducible

are

EK

FCE

tests

in

subjects

suffering

from

musculoskeletal complaints? (Chapter 4)
4. What is known in the international literature about the validity of four FCE
methods available in the Netherlands? (Chapter 2)
5. What is the construct validity of EK FCE tests in employees on sick leave
due to MSDs? (Chapter 5)
6. What is the criterion-related validity of EK FCE tests in employees on sick
leave due to MSDs? (Chapter 6)

In chapter 2, a systematic literature review is performed in order to gather existing
information on the reliability and validity of four FCE methods available on the Dutch
market: the Blankenship System (BS), the ERGOS Work Simulator (EWS), the Ergo-Kit
(EK) and the Isernhagen Work System (IWS). Two independent reviewers applied the
inclusion criteria to select all relevant articles retrieved from five databases (CINAHL,
Medline, Embase, OSH-ROM and Picarta) and evaluated the methodological quality of
all included articles. The search resulted in 77 potential relevant references, but only 12
papers were eligible for inclusion and were assessed for their methodological quality.
The interrater reliability (Intraclass correlation coefficient ICC ≥ 0.95; agreement
between raters ≥ 87%) and predictive validity of the IWS were evaluated and found to
be good. No study was found that focused on the reliability of the EWS and EK while
their concurrent validity was not demonstrated. No study concerning the reliability and
validity of the BS was found. Our systematic literature review emphasizes the need for
more studies on FCE clinimetrics.
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Chapter 3 reports a study performed in adults without MSCs to evaluate the intra- and
interrater reliability of seven EK FCE tests (Table 1): two isometric EK FCE lifting tests
(Back-torso lift test and Shoulder lift test); two EK FCE manipulation tests (Forward
manipulation test and Lower manipulation test crouching); and three dynamic EK FCE
lifting tests (Carrying lifting strength test, Lower lifting strength test and Upper lifting
strength test). Using a within-subject design, 27 subjects (15 males and 12 females)
were assessed on the seven EK FCE tests at three different times (time interval of four
days between each assessment), twice by rater R1 and once by rater R2. Intrarater
reliability was high for the two isometric EK FCE lifting tests (ICC ≥ 0.85), moderate for
the three dynamic EK FCE lifting tests (0.69 ≤ ICC ≤ 0.75), and low for the two
manipulation EK FCE tests (ICC ≤ 0.46). Interrater reliability was moderate (8 day time
interval; 0.67 ≤ ICC ≤ 0.90) to high (4 day time interval; ICC ≥ 0.85) for the two
isometric and three dynamic EK FCE lifting tests, while it was low (8 day time interval;
ICC ≤ 0.01) to moderate (4 day time interval; 0.74 ≤ ICC ≤ 0.78) for both manipulation
EK FCE tests. The conclusion of this study is that the isometric and the dynamic EK
FCE lifting tests have a moderate to high level of reliability in adults without MSCs,
while the manipulation EK FCE tests have a low level of reliability.

Table 1 EK FCE test descriptions
EK FCE test
Isometric lifting tests:
Back-torso lift test (Btlt; kg)
Shoulder lift test (Slt; kg)
Manipulation tests:
Forward manipulation test,
standing (Fmt; s)
Lower manipulation test,
crouching (Lmtc; s)
Dynamic lifting tests:
Carrying lifting strength test
(Clst; kg)
Lower lifting strength test
(Llst; kg)
Upper lifting strength test
(Ulst; kg).

Description
Use of a ‘Back and leg dynamometer’ fixed on platform, a
chain and a handle. Handle is set at patella height for Btlt and
at elbow height for Slt. Maximal pulling during 4 s, 2 tries per
test
Use of a ‘Dexterity Ring’ (DR) fixed on shelves that can be
vertically adjusted on a stand. DR is set at chest height for
Fmt and at patella height for Lmtc. Screwing of 9 nuts and
bolts, and shifting them to another position on the DR while
maintaining standing posture for Fmt and crouching posture
for Lmtc.
Use of a stand with two vertically adjustable shelves, a box
with different weights and a step (20cm). Following a
standardized procedure, weight is added to the box (2.5, 5,
7.5 or 10 kg) depending on the task’s coordination, subject’s
perception of the weight of the box, and (possible) subject
complaints. 4-6 carries 5 m for Clst, 4-6 lifts from knuckle
height to step for Llst and 4-6 lifts from knuckle to acromion
height for Ulst

kg, kilograms; s, seconds; cm, centimeters
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In chapter 4, a reproducibility study is performed in order to assess the reliability and
agreement between the raters of five EK FCE lifting tests by using a within-subject
design. Twenty-four physiotherapist-recruited subjects (10 males and 14 females)
suffering from low back pain (LBP) were assessed on two isometric (Back-torso lift test
and Shoulder lift test) and three dynamic (Carrying lifting strength test, Lower lifting
strength test and Upper lifting strength test) EK FCE lifting tests on two occasions, t1
and t2, by two different raters. Agreement between raters was expressed with the
Standard Error of Measurement (SEM) in order to get a cautious insight into their
sensitivity to change. ICCs (reliability) of isometric and dynamic EK FCE lifting tests
ranged from 0.84 to 0.97. SEM values (agreement) ranged from 1.9 to 8.6 kg, while
mean test scores ranged from 17.0 to 65.9 kg. The conclusion of this study is that the
isometric and dynamic EK FCE lifting tests have a good reliability in subjects with LBP,
while the agreement between raters can be considered to be acceptable when
compared to the mean test scores.

Chapter 5 describes a study evaluating the construct validity (convergent and
discriminative) of five EK FCE lifting tests in construction workers on sick leave due to
MSDs. After being assessed on two isometric (Back-torso lift test and Shoulder lift test)
and three dynamic (Carrying lifting strength test, Lower lifting strength test and Upper
lifting strength test) EK FCE lifting tests, 72 participants were asked to fill in the Von
Korff questionnaire (VK) on pain intensity and disability due to MSDs as well as the
Instrument for Disability Risk (IDR). The IDR is a construction sector-specific
instrument that identifies workers at risk for work disability due to MSD after a two-year
period. The discriminative validity was evaluated by using the Known Groups Method
and comparing the results of the EK FCE lifting tests scores between two groups of
participants based on the IDR scores (higher risk for future work disability compared to
lower risk for future work disability based on the IDR). Convergent validity was
evaluated by assessing the associations between the scores of the EK FCE lifting tests
and the outcomes of the VK self-report pain intensity and disability due to MSDs.
Hypothesized differences in the five EK FCE lifting tests between both IDR risk groups
were found in the expected direction, but they were not statistically significant (0.07 ≤ p
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≤ 0.79). Pearson Correlation Coefficients (r) showed a poor convergent validity
between the outcomes of the VK questionnaire and the EK FCE lifting tests scores (0.29 ≤ r ≤ 0.05). The conclusion of this study is that the construct validity of the five EK
FCE lifting tests could not be supported in construction workers on sick leave due to
MSDs.

In chapter 6, a study evaluates the criterion-related validity of the five EK FCE lifting
tests in construction workers on sick leave due to MSDs. Criterion-related validity was
established through a prospective longitudinal within-subject design by evaluating the
concurrent and predictive validity between two isometric (Back-torso lift test and
Shoulder lift test) and three dynamic (Carrying lifting strength test, Lower lifting strength
test and Upper lifting strength test) EK FCE lifting tests, and a reference test (the
Instrument for Disability Risk (IDR)). The IDR is a construction sector-specific
instrument that identifies workers at risk for work disability due to MSD after a two-year
period. Furthermore, durable return to work (RTW)--the number of days on sick leave
until full RTW for a period of at least four weeks--was recorded. This allowed the
evaluation of the predictive validity of the EK FCE lifting tests on durable RTW. Six
weeks (baseline), six months and one year after the first sick leave day (t0, t1 and t2,
respectively), participants were assessed on the five EK FCE lifting tests and asked to
complete the IDR. Concurrent validity was evaluated by assessing the associations
between the scores of the five EK FCE lifting tests and the IDR outcomes at t0, t1 and
t2. Predictive validity was evaluated by assessing the associations between the scores
of the five EK FCE lifting tests at baseline and the IDR outcomes six months and one
year later. The concurrent validity with future work disability risk at three time points
during one year was found to be poor for the two isometric EK FCE lifting tests (-0.15 ≤
r ≤ 0.04) and moderate for the three dynamic EK FCE lifting tests at t1 and/or t2 (-0.47 ≤
r ≤ -0.31). Only one dynamic EK FCE lifting test, the Carrying lifting strength test,
showed a moderate level of predictive validity on future work disability risk, especially
at t1 (r =-0.39; Area under the curve AUC=0.72). Furthermore, the predictive validity of
the five EK FCE lifting tests on the number of days on sick leave until full durable RTW
was weak (1.00 ≤ Hazard ratio HR ≤ 1.05). Overall, criterion-related validity was found
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to be poor for the two isometric EK lifting tests and to be moderate for the three
dynamic lifting tests, especially for the Carrying lifting strength test.

Chapter 7 reports the main findings of the five studies in this thesis. Furthermore,
methodological and procedural considerations are given while the selection of EK FCE
tests is discussed, evoking other issues that are important in evaluating the quality of
FCEs. The clinimetrics model illustrated in the general introduction (Chapter 1) is also
discussed, and a general conclusion is given with regard to the different research
questions of this thesis:
1. our literature review up to 2004 showed that more studies were required to
demonstrate the reproducibility of FCE tests;
2. the reproducibility of the EK FCE manipulation tests is poor in adults without
MSCs and good for the isometric and dynamic EK FCE lifting tests;
3. the reproducibility of the isometric and dynamic EK FCE lifting tests is good
in subjects suffering from LBP;
4. our literature review up to 2004 showed that more studies were required to
demonstrate the validity of FCE tests;
5. the construct validity of the EK FCE lifting tests with self-reproted pain and
disability is not supported in construction workers on sick leave due to
MSDs;
6. in the construction industry, the criterion-related validity with future work
disability risk is poor for the isometric EK FCE lifting tests, and it is only
moderate for the dynamic EK FCE lifting tests, with an upper value for the
Carrying lifting strength test.
Furthermore, some implications for practice are given, questioning the possible use of
the Carrying lifting strength test. This test, as it presents only a moderate level of
validity, may not be solely used by occupational professionals working in health and
safety services for jobs exposed to manual material handling. Finally, suggestions are
made with regard to possible future research. For example, it will be important to
determine whether information coming from the Carrying lifting strength test, in
combination with, for instance, information provided by anamnesis, clinical examination
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and self-reported questionnaires, could have an added value for the judgment and
decision making process of occupational professionals in their assessment of physical
work-(dis)ability.
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Achtergrond
Aandoeningen en klachten aan het bewegingsapparaat hebben wereldwijd grote
economische en financiële consequenties. Ook in Nederland komen aandoeningen en
klachten aan het bewegingsapparaat vaak voor met kostbare gevolgen als het gaat om
revalidatie,

ziekteverzuim

en

arbeidsongeschiktheid.

Klachten

aan

het

bewegingsapparaat zijn aanleiding tot één op de vijf nieuwe bezoeken aan de huisarts en
36% van alle arbeidsongeschiktheidsbeoordelingen. Aandoeningen en klachten aan het
bewegingsapparaat houden vaak verband met fysiek zwaar werk en het met de hand
verplaatsen van lasten (tillen en dragen). In de bouwsector zijn deze aandoeningen de
belangrijkste oorzaak van langdurig ziekteverzuim en arbeidsongeschiktheid. Om
arbeidsgeschiktheid en terugkeer naar werk te bevorderen is er een groeiende behoefte
om het fysieke werkvermogen van mensen met aandoeningen of klachten aan het
bewegingsapparaat nauwkeurig(er) vast te stellen.
Om het fysieke werkvermogen te beoordelen zoeken professionals in de bedrijfs- en
verzekeringsgeneeskunde naar methodisch onderbouwde instrumenten. Momenteel zijn
er nog weinig, wetenschappelijk onderbouwde, instrumenten waarmee professionals een
oordeel kunnen geven over het fysieke werkvermogen. Wanneer informatie over het
fysieke werkvermogen zou kunnen worden verzameld met een specifiek en
wetenschappelijk onderbouwd instrument, kan dit zeer relevant zijn voor de beoordeling
van het fysieke werkvermogen van werknemers door professionals in de bedrijfs- en
verzekeringsgeneeskunde (Hoofdstuk 1).

Ergo-Kit Functionele Capaciteit Evaluatie testen
Om het fysieke werkvermogen van mensen met en zonder klachten aan het
bewegingsapparaat op een systematische en nauwkeurige manier vast te stellen zijn
Functionele Capaciteit Evaluatie (FCE) methoden ontwikkeld. Eén daarvan, de ErgoKit (EK) FCE, wordt in Nederland veel gebruikt, vooral in re-integratie- en
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fysiotherapiecentra. Tijdens een EK FCE test kunnen activiteiten zoals staan, zitten,
tillen, dragen, knielen en bukken gesimuleerd worden. Deze testen worden afgenomen
door gecertificeerde testleiders, meestal fysiotherapeuten.
Professionals in de bedrijfs- en verzekeringsgeneeskunde kunnen bij de beoordeling
van het fysieke werkvermogen baat hebben bij aanvullende informatie afkomstig van
EK FCE testen mits deze EK FCE testen goed meten, dat wil zeggen wanneer de
klinimetrische eigenschappen van de testen goed zijn.

Klinimetrie
Voordat een test of instrument in de praktijk toegepast mag worden, moeten de
klinimetrische eigenschappen, of te wel de reproduceerbaarheid en validiteit, worden
geëvalueerd (Hoofdstuk 1).
Een test is reproduceerbaar wanneer de uitkomsten consistent en herhaalbaar in de
tijd zijn. Deze reproduceerbaarheid binnen of tussen beoordelaars (testleiders) is een
belangrijke randvoorwaarde voor het onderzoek naar de validiteit van de test. Deze
reproduceerbaarheid kent twee aspecten: betrouwbaarheid en overeenkomst. We
noemen een instrument betrouwbaar als het in staat is om individuen van elkaar te
onderscheiden ondanks de meetfout. Het begrip overeenkomst duidt op de mate van
consistentie van de uitkomsten bij herhaalde metingen in de tijd. Dit kwantificeert de
meetfout binnen persoon waarmee rekening moet worden gehouden bij de interpretatie
van een testuitkomst.
Een test is valide wanneer hij meet wat hij beoogt te meten. Er worden verschillende
vormen van validiteit onderscheiden, waaronder discriminatieve, convergente,
concurrente en predictieve validiteit. Discriminatieve validiteit geeft aan hoe goed de
test onderscheid maakt tussen twee groepen mensen waarvan mag worden
aangenomen dat ze van elkaar verschillen in testuitkomsten. Convergente validiteit
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geeft aan hoe goed de samenhang is tussen twee testen die een (enigszins) verwant
concept meten. Concurrente en predictieve validiteit geven aan wat de overeenkomst
is tussen de geëvalueerde test en een referentietest die het beoogde concept meet. Bij
concurrente validiteit worden deze testen op hetzelfde moment afgenomen en bij
predictieve validiteit wordt de referentietest later afgenomen.

Hoofdstuk 1 omvat naast inleidende achtergrondinformatie de beschrijving van een
twee-stap klinimetrisch model waarop de evaluatie van de meetkwaliteit van FCE
testen is gebaseerd. De zes vragen van dit proefschrift zijn voor de Nederlandse
samenvatting teruggebracht tot de volgende drie vragen:
(1) Wat is er in de internationale wetenschappelijke literatuur bekend over de
reproduceerbaarheid en validiteit van FCE testen in Nederland?
(2) Wat is de reproduceerbaarheid van EK FCE testen: geven de EK FCE
testen dezelfde uitkomsten bij herhaalde metingen?
(3) Wat is de validiteit van de EK FCE testen: meten de EK FCE testen wat ze
beogen te meten?

Literatuur onderzoek
In Hoofdstuk 2 wordt een systematisch literatuur review beschreven. Er is gezocht
naar bewijs voor de reproduceerbaarheid (c.q. betrouwbaarheid) en validiteit van vier in
Nederland toegepaste FCE-methoden: Blankenship System (BS), ERGOS Work
Simulator (EWS), Ergo-Kit (EK) en Isernhagen Work System (IWS). Op basis van een
zoekstrategie die is toegepast in vijf verschillende databases (CINAHL, Medline,
Embase, OSH-ROM and Picarta) zijn 77 potentieel relevante artikelen gevonden,
waarvan 12 uiteindelijk aan de vooraf opgestelde criteria voldeden.
Uit deze literatuurstudie blijkt dat alleen de IWS onderzocht is op reproduceerbaarheid
en validiteit. Daarbij worden de interbeoordelaarsbetrouwbaarheid (de meetresultaten
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zijn betrouwbaar, ook als de test door verschillende testleiders wordt uitgevoerd;
Intraclass correlatie coëfficiënt ICC ≥ 0,95; overeenkomst ≥ 87%) en de predictieve
validiteit van de IWS als ‘goed’ geëvalueerd. Voor de andere drie FCE-methoden is in
het systematische literatuuronderzoek aangetoond dat verder onderzoek noodzakelijk
is om hun meetkwaliteit te beoordelen. De resultaten van de systematische
literatuurstudie

onderschrijven

het

belang

voor

onderzoek

naar

de

reproduceerbaarheid en validiteit van de EK FCE testen.

Reproduceerbaarheid EK FCE testen
In hoofdstuk 3 en hoofdstuk 4 worden twee studies beschreven over de
reproduceerbaarheid van EK FCE testen. In de eerste plaats is gekeken naar de
intrabeoordelaarsbetrouwbaarheid (vaststellen of herhaalde metingen door een
testleider dezelfde meetresultaten geven) en interbeoordelaarsbetrouwbaarheid
(vaststellen of metingen door verschillende testleiders dezelfde meetresultaten geven)
van zeven EK FCE testen bij mensen zonder klachten aan het bewegingsapparaat
(Hoofdstuk 3). Het gaat achtereenvolgens om twee isometrische tiltesten (Back-torso
lift test en Shoulder lift test), drie dynamische tiltesten (Carrying lifting strength test,
Lower lifting strength test en Upper lifting strength test) en twee manipulatie testen
(Forward manipulation test en Lower manipulation test hurkend) (Tabel 1).
Zevenentwintig mensen (15 mannen en 12 vrouwen) deden mee aan dit onderzoek. Zij
voerden op drie momenten (met een tijdsinterval van 4 dagen) de zeven EK FCE
testen uit, waarbij twee testen zijn uitgevoerd door de eerste beoordelaar en één test
door de tweede beoordelaar. De intrabeoordelaarsbetrouwbaarheid is berekend met
de testuitkomsten van dezelfde beoordelaar en de interbeoordelaarsbetrouwbaarheid
met de testuitkomsten van beide beoordelaars.
Intrabeoordelaarsbetrouwbaarheid is hoog voor de twee isometrische tiltesten (ICC ≥
0,85), gemiddeld voor de drie dynamische tiltesten (0,69 ≤ ICC ≤ 0,75), en laag voor de
twee manipulatie testen (ICC ≤ 0,46). Interbeoordelaarsbetrouwbaarheid is gemiddeld
( tijdsinterval van 8 dagen; 0,67 ≤ ICC ≤ 0,90 ) tot hoog ( tijdsinterval van 4 dagen;
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Tabel 1: Beschrijving van de EK FCE testen
EK FCE Test
Isometrische tiltesten:
Back-torso lift test (kg)
Shoulder lift test (kg)
Manipulatie testen:
Forward manipulatie
test, staan (sec)
Lower manipulatie test,
hurkend (sec)
Dynamische tiltesten:
Carrying lifting strength
test (kg)
Lower lifting strength
test (kg)
Upper lifting strength
test (kg)

Beschrijving
Benodigd: dynamometer met een ketting en een handvat dat op een platvorm is
bevestigd. Handvat aan de ketting wordt op patella hoogte afgesteld voor de Backtorso lift test, en voor de Shoulder lift test zo dat de onderarmen van de
proefpersoon horizontaal zijn.
Benodigd: Dexterity Ring (DR) bevestigd op een verticaal verstelbare plank. De DR
wordt op acromionhoogte ingesteld voor de Forward manipulation test, en op
patellahoogte voor de Lower manipulation test hurkend. Negen bouten en moeren
die op de DR bevestigd zijn, moeten verplaatst worden van de voorkant naar de
achterkant van de DR voor de Forward manipulation test, en weer terug voor de
Lower manipulation test hurkend.
Benodigd: twee planken die verticaal versteld kunnen worden, een bakje met
verschillende gewichten en een step. De planken waarop het bakje tijdens de
testen staat worden op verschillende hoogtes ingesteld: op knokkelhoogte voor
Carrying lifting strength test (dragen 5 meters) en Lower lifting strength test (tillen
van middel hoog naar laag) en op knokkelhoogte en acromionhoogte voor Upper
lifting strength test (tillen van middel hoog naar hoog). De testleider kan volgens
gestandaardiseerde procedures gewicht (2,5; 5; 7,5 of 10 kg) in het bakje
toevoegen.

ICC ≥ 0,85) voor de twee isometrische en drie dynamische tiltesten, en laag
(tijdsinterval van 8 dagen; ICC ≤ 0,01) tot gemiddeld (tijdsinterval van 4 dagen; 0,74 ≤
ICC ≤ 0,78) voor de twee manipulatie testen. De conclusie van dit onderzoek is dat de
betrouwbaarheid van de EK FCE manipulatie testen laag is, terwijl de isometrische en
dynamische EK FCE tiltesten redelijk tot goed reproduceerbaar zijn bij mensen zonder
klachten aan het bewegingsapparaat.

Vervolgens zijn zowel de betrouwbaarheid als de overeenkomst van twee isometrische
(Back-torso lift test en Shoulder lift test) en drie dynamische (Carrying lifting strength
test, Lower lifting strength test en Upper lifting strength test) EK FCE tiltesten
onderzocht bij mensen met lage rugklachten (Hoofdstuk 4). Vierentwintig personen
(10 mannen en 14 vrouwen) deden mee aan dit onderzoek. De vijf EK FCE tiltesten
zijn gebruikt om de personen op twee momenten (met een tijdsinterval van 3 dagen)
door twee verschillende testleiders te testen. De betrouwbaarheid is bepaald met een
ICC en de overeenkomst met een ‘Standard Error of Measurement’ (SEM).
De ICCs van de isometrische en dynamische tiltesten variëren van 0,84 tot en met
0,97, en de SEMs van 1,9 tot en met 8,6 kg. De conclusie van deze studie is dat de
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isometrische en dynamische EK FCE tiltesten een hoge betrouwbaarheid hebben bij
mensen met lage rugklachten en dat de overeenkomst als goed kan worden
beschouwd gezien de gemiddelde test scores (van 17,0 tot en met 65,9 kg).

Validiteit EK FCE tiltesten
De validiteit van vijf EK FCE tiltesten is onderzocht in twee studies, waarbij zowel is
gekeken naar de constructvaliditeit (Hoofdstuk 5) als naar de criteriumvaliditeit
(Hoofdstuk 6) in de context van de bedrijfsgeneeskunde. De constructvaliditeit van
twee isometrische (Back-torso lift test en Shoulder lift test) en drie dynamische
(Carrying lifting strength test, Lower lifting strength test en Upper lifting strength test)
EK FCE tiltesten is onderzocht door de discriminatieve en convergente validiteit te
evalueren bij bouwvakkers die door klachten aan het bewegingsapparaat zes weken
verzuimden (Hoofdstuk 5).
Om de discriminatieve validiteit (het vermogen onderscheid te maken tussen twee
groepen die verschillen) van de EK FCE tiltesten te onderzoeken zijn de bouwvakkers
in twee groepen verdeeld op basis van een bouwspecifiek instrument voor het
identificeren van werknemers met een verhoogd risico op arbeidsongeschiktheid na
twee jaar: de zogenoemde WAO-indicator (WAOi). De verwachting was dat de groep
bouwvakkers met een verhoogd risico op arbeidsongeschiktheid na twee jaar lager
zouden scoren op de EK FCE tiltesten dan de groep bouwvakkers zonder verhoogd
risico. Om de convergente validiteit van de EK FCE tiltesten te onderzoeken is
gekeken naar de overeenkomst tussen de scores op de EK FCE tiltesten en de
uitkomsten van een vragenlijst over pijnintensiteit en beperkingen. De verwachting was
dat bij een hoge uitkomst op pijnintensiteit en beperkingen een lage score op de EK
FCE tiltesten zou worden gemeten.
In totaal deden 72 bouwvakkers die door klachten aan het bewegingsapparaat
verzuimden, mee aan dit onderzoek. De verschillen tussen beide groepen in de scores
op EK FCE tiltesten wijzen in de verwachte richting, maar zijn niet statistisch significant
(0,07 ≤ p ≤ 0,79). Ook is geen overeenkomst gevonden tussen de scores op de EK
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FCE tiltesten en de uitkomsten op pijnintensiteit en beperkingen (-0,29 ≤ Pearson
correlatie coëfficiënt r ≤ 0,05). De conclusie van deze studie is dat construct validiteit
met pijn intensiteit en beperkingen van de twee isometrische en drie dynamische EK
FCE tiltesten matig is.

De criteriumvaliditeit van twee isometrische (Back-torso lift test en Shoulder lift test) en
drie dynamische (Carrying lifting strength test, Lower lifting strength test en Upper
lifting strength test) EK FCE tiltesten ten opzicht van een referentie test zijn onderzocht
door de concurrente en predictieve validiteit te evalueren met een longitudinale
onderzoeksopzet (met een jaar doorlooptijd) in de bouwsector (Hoofdstuk 6). De
referentietest die voor deze studie is gekozen, is de WAOi, een bouwspecifiek
instrument voor het identificeren van werknemers met een verhoogd risico op
arbeidsongeschiktheid na twee jaar. Om de concurrente validiteit van de EK FCE
tiltesten te onderzoeken zijn de overeenkomsten tussen de scores op de EK FCE
tiltesten en de uitkomsten op de WAOi bekeken. De verwachting was dat een hoger
risico op arbeidsongeschiktheid na twee jaar zou leiden tot een lagere score op de EK
FCE tiltesten. Om de predictieve validiteit van de EK FCE tiltesten te onderzoeken is
gekeken naar (1) de overeenkomsten tussen de scores op de EK FCE tiltesten bij de
start van het onderzoek en de uitkomsten op de WAOi zes en twaalf maanden later, en
(2) de overeenkomsten tussen de scores op de EK FCE tiltesten en het aantal dagen
tot duurzame (voor minimaal vier weken) werkhervatting. De verwachting was dat met
de uitkomsten op de EK FCE tiltesten een verhoogd risico op arbeidsongeschiktheid na
twee jaar en het aantal dagen tot duurzaam werkhervatting zouden kunnen worden
voorspeld.
Overeenkomst tussen de EK FCE tiltesten scores en de WAOi uitkomsten is alleen
gevonden voor de dynamische EK tiltesten (-0,47 ≤ r ≤ -0,31) maar niet voor de
isometrische EK FCE tiltesten (-0,15 ≤ r ≤ 0,04). Met één dynamische EK FCE test, de
Carrying lifting strength test, kan een verhoogd risico op arbeidsongeschiktheid na
twee jaar enigszins worden voorspeld (r = -0,39; Area under the curve AUC = 0,72).
Met geen enkele EK FCE tiltest kan het aantal dagen tot duurzame werkhervatting
worden voorspeld (1,00 ≤ Hazard ratio HR ≤ 1,05). De conclusie van deze studie is dat
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de criteriumvaliditeit van de twee isometrische EK FCE tiltesten laag is. De
criteriumvaliditeit voor de drie dynamische EK FCE tiltesten is matig; de Carrying lifting
strength test heeft de relatief meest gunstige criterium validiteit.

Conclusie
Met de uitkomsten van de hierboven beschreven studies kunnen de drie vragen van dit
proefschrift als volgt worden beantwoord:
(1) Er is in de internationale wetenschappelijke literatuur tot en met 2004 weinig
bewijs gevonden over de reproduceerbaarheid en validiteit van FCE testen.
(2) De isometrische en dynamische EK FCE tiltesten zijn reproduceerbaar. De
EK FCE manipulatie testen zijn dat niet.
(3) De dynamische EK FCE tiltesten zijn enigszins valide, met name de
Carrying lifting strength test. De isometrische EK FCE tiltesten zijn dit niet.
Omdat de Carrying lifting strength test slechts een gemiddelde validiteit heeft, kan deze
test niet als zelfstandige test worden gebruikt door professionals werkzaam in de
bedrijfsgeneeskunde voor fysiek zwaar beroepen. Voor het beoordelen van het fysieke
werkvermogen van werknemers in fysiek zware beroepen kunnen professionals
werkzaam in de bedrijfsgeneeskunde de test wellicht gebruiken in combinatie met
informatie afkomstig van andere bronnen (Hoofdstuk 7).
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Als je een professionele voetbalcarrière ambieert, streef je naar een juiste
voetbalopleiding, naar één of meerdere betaaldvoetbalclubs waar je jouw kwaliteiten
en ambities kan uiten, en natuurlijk naar een goede begeleidingstaf en trainers (d.w.z.
trainers die jou opstellen; anders spreek je in het betaald voetbal niet van een goede
staf!) Een parallel met een promotieonderzoek is natuurlijk makkelijk te maken: hoewel
alleen mijn naam op de voorkant staat, is dit proefschrift uiteindelijk het resultaat van
enkele jaren werken binnen een gezellige afdeling en onder de begeleiding van een
goed team. Daarom zijn de volgende woorden op hun plaats!
Ten eerste voor mijn promotor. Monique, vanaf mijn eerste sollicitatiegesprek hadden
wij wat met elkaar! Je had enkele jaren in Frankrijk gewoond en gewerkt, was zeer
sportief ingesteld, en je had zelf fanatiek getennist. Ik kwam op het sollicitatiegesprek
als Franse voetballer die ambities in de wetenschap had, en die na het
sollicitatiegesprek ook nog tennisles ging geven. Je hebt me de gelegenheid gegeven
om bij het Coronel Instituut te komen werken en daarvoor wil ik je bedanken. Ook voor
het feit dat je me enkele maanden later aangeboden hebt om een promotieonderzoek
te doen. Daarnaast kon ik ook nog blijven voetballen: gedurende al die jaren heb ik
altijd de vrijheid en flexibiliteit gekregen om elke dag vroeg bij het Coronel Instituut te
beginnen zodat ik elke middag op het trainingsveld kon staan. Dat was een bijzonder
combinatie waar je nooit een punt van hebt gemaakt! Uiteraard heb je inhoudelijk veel
voor dit proefschrift betekent, ook voor mijn wetenschappelijke ontwikkeling: hoe vaak
heb ik van jou mijn klinimetrische bril moeten afzetten…het is me niet altijd gelukt…tot
op heden ook niet helemaal, maar hopelijk gaat het de goede kant op! Al met al, jaren
van plezierige samenwerking…merci pour tout!
Ten tweede voor mijn twee co-promotoren. Paul, net als Monique ben je een grote
sportliefhebber, waardoor het tussen ons makkelijk en snel heeft geklikt. Maar ja, wie
heeft geen goede klik met jou …je bent een top collega, enthousiast, vrolijk, constant
bereid om te helpen, en hebt altijd een goed idee voor onderzoek! Jouw eeuwige
positivisme is zo kenmerkend voor jou, en ook heel belangrijk geweest tijdens enkele
fases van mijn promotieonderzoek! Wat ik niet zal vergeten is jouw inhoudelijke
inbreng en goede adviezen voor discussiepunten…altijd positieve woorden over een
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geschreven stuk, zoals ‘goed gedaan…nog een paar suggesties’, maar vervolgens het
hele document van boven naar beneden door jou gecorrigeerd krijgen!
Judith, binnen een voetbalelftal heb je altijd een speler die veelzijdig is en die overal
kan worden opgesteld. Binnen onze Coronel-ploeg beschouw ik jou als zo’n
speler(ster)…ik vind je op veel vlakken super sterk en ik ben blij dat ik van jouw
expertise heb kunnen gebruik maken. Daarnaast kunnen we ook goed met elkaar
lachen, en dat maakt de samenwerking alleen maar plezieriger! Aan jullie
beiden…merci beaucoup!
Ik wil een aantal mensen bedanken zonder wie de studies in dit proefschrift niet
hadden kunnen worden uitgevoerd: van Ergo Control natuurlijk Jan, maar ook
Marieke, Nathalie, en de verschillende testleiders, in het bijzonder Carla en Niels. Ook
wil ik Cor van Duivenbooden van Arbouw en Marco van de Velde van Arbo Duo
bedanken voor hun inspanning en de altijd plezierige samenwerking.
Ik wil ook uiteraard mijn collega’s van het Coronel Instituut, het Nederlands Centrum
voor Beroepziekten en het Kenniscentrum Verzekeringsgeneeskunde bedanken, in het
bijzonder Ria voor de altijd goede en gezellige gesprekken. Zeker een speciale dank
voor Haije, niet alleen voor jouw inhoudelijke inbreng en het feit dat we jaren lang
kamergenoten zijn geweest maar ook omdat zonder jou ik dit promotieonderzoek niet
had kunnen uitvoeren!
Daarnaast zijn er een drietal collega’s (inmiddels ex-collega’s) waarmee ik hele goede
momenten heb gehad...het tikkertje spelen in het centrum van Milaan blijft toch één
van onze hoogte punten! Nathalie…als liefhebber van mode kon ik niet beter dan met
jou op pad gaan in Milaan... en altijd net zo vrolijk en gezellig als jouw toenmalige
kamergenote! Eline, bedankt voor de gezellige congressen en de altijd goede
gesprekken bij het Coronel Instituut op K0-123…ook dat je mijn paranimf wil zijn! Ivo,
zoals je in jouw proefschrift schreef is onze sportieve achtergrond ongetwijfeld een
reden geweest dat we vanaf het begin goed met elkaar konden opschieten. We
hebben leuke en gezellig momenten samen gehad, op congressen o.a. met het
hardlopen in Milaan…niet te vergeten de keer dat ik je van de tennisbaan heb
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geveegd (yeah right..in my dreams may be!!). Ook bedankt dat je mijn paranimf wil
zijn!
Ik wil mijn vrienden o.a. Aartie, Thur, Ab, Sus, Cor, Mur en IJs bedanken voor onze
leuke etentjes, voor het meedoen aan de eerste studie van mijn proefschrift – Thur, je
was en blijft de beste proefpersoon! – maar ook voor onze sportieve activiteiten, zeker
bij het zaalvoetbal want wat zijn we een grandioos team!!!
Natuurlijk bewaar ik wat speciale woorden voor mijn maatjes. Loes en Steph, jullie
beide zijn meer dan mijn maatjes…dat weten jullie…jullie zijn er altijd voor mij…in
goede en minder goede momenten…de vrais amis, c’est comme les étoiles, tu ne les
vois pas toujours mais ils sont toujours là! Dank jullie wel.
Une pensée pour mes parents, Guillaume, Sandrine et Jules…‘Loin des yeux, loin du
cœur’…vous savez que ce proverbe est bien menteur! Papa, maman, merci de m’avoir
donné toutes les bases nécessaires pour suivre le bon chemin…Guillaume et moi
pouvons ne qu’être comblés d’avoir des parents comme vous!
Je n’oubli pas Odette non plus.
Lieve Nathasja, vier jaar geleden hebben we elkaar ontmoet en sindsdien veel goede
momenten samen gehad (ook met z’n drie). Je kent ons liedje wel: ’…de (h)emel en
de (h)aarde, de zon, de sterren en de ma(o)n, de mooiste en de liefste…’ Ja, je bent
de liefste…en meer! Ik wil je vooral bedanken voor jouw geduld, steun, geloof, begrip
en doorzettingsvermogen, en uiteraard voor jouw artistieke touch. Enfin…’J' sais bien
qu' j' l'ai trop dit, Mais j' te l' dis quand même...’ xxx
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