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11
General discussion

This thesis focused on the psychometric properties of the Isernhagen Work
Systems Functional Capacity Evaluation (IWS FCE). Four reliability studies
and five validity studies were presented. Studies were performed on healthy
subjects and patients with CLBP. Without the detail of the separate discussions
of chapters 2 to 10, the main results will be overviewed and discussed. The
relevance of the outcome of the studies for 3 medical disciplines will be
discussed. The current state of psychometric research of the IWS FCE will be
summarized and directions for future research will be presented.

Reliability

Reliability involves the extent to which an evaluation is consistent and free of
error. This consistency may be over time given that the construct measured
is unchanged (test-retest reliability), between different evaluators (inter-rater
reliability), or within evaluators (intra-rater reliability). Establishment of
reliability is important in FCEs, because it ensures that change found in the
assessment is the result of change in the construct and not the result of
measurement inconsistencies over time or between or within evaluators1.

There is considerable evidence available from the studies presented in chapters
2, 3 and 4 of this thesis and of a study performed elsewhere2, that test-retest
reliability of the material handling tests is good. The results also indicate that
a substantial natural variance in performance should be taken into account
when interpreting the results clinically. Test-retest reliability of the non-material
handling tests was more complex to study, due to ceiling and criterion effects
of the tests. Because of limitations in test construction, the variance of the test
results was reduced to a dichotomous level, which reduced the ability to use
statistics at an interval data level, and thus to study the reliability with more
strength and detail. Additionally, ceiling effects may have contributed to
unacceptable reliability. For example, the overhead work test was found not
reliable in both healthy subjects and in CLBP patients (chapters 3 and 4). In
these studies, analyses were performed with exclusion of the subjects who
performed best, which were those who reached the ceiling of 15 minutes. The
results of the study performed without a ceiling revealed higher reliability
values (r=0.72, chapter 7; ICC=0.833). The ceiling effect may thus have had a
negative impact on the outcome of the reliability studies.
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Comparing indices of variance of patients with CLBP and of healthy subjects, it
was demonstrated that the within subject variance of patients was larger than the
within subject variance of healthy subjects. This indicates that within subject variance
of the patients can in part be attributed to the characteristics of the patients. As
demonstrated in chapters 2 and 9, it is unlikely that pain intensity, perceived effort,
duration of the episode, or kinesiophobia have contributed relevantly to this variance.
Further research is needed to explain the differences in variance and reveal
determinants of test performance. The test-retest studies of chapters 3 and 4 were
lead by different evaluators, which limited adequate comparison of the two studies.
Test-retest reliability of healthy subjects was lead by an internally trained and
inexperienced evaluator. Intra-evaluator variance is expected to decrease when
experience increases. In this context, the intra-subject variance of healthy subjects
is expected to decrease when the FCE is lead by an experienced evaluator. In future
studies aimed at explaining differences in variance, all sources of variance, including
the evaluator, should be kept constant. It is not very likely that rater determinations
of effort have had a substantial impact on the variance, as indicated by the results
of the studies presented in chapters 5 and 10. The raters were able to rate effort
level to a high degree of consistency between and among each other, supporting
other research2,4-6 indicating that visual observations are a reliable means of
determining effort level during material handling tests performed by patients with
CLBP.

Overall, the results indicate that test-retest reliability of most, but not all, of the
ceiling and criterion tests is acceptable for clinical use in both healthy subjects and
patients with CLBP. The inter- and intra-rater reliability of determinations of effort
level is good. Future studies should eliminate ceiling and criterion effects, as it
would provide a better disclosure of the test properties. This requires alterations
in test design of the IWS FCE.

Validity

Validity is considered to be the extent to which an instrument measures what it is
intended to measure. The validity of a test refers to the appropriateness,
meaningfulness and usefulness of the specific inferences made from the test results.
Validity depends on the purpose of the assessment, and therefore the test objectives.
It is not a universal characteristic of an assessment. No single measure is sufficient
from which to determine an assessment’s validity. These aspects imply that multiple
studies of the various forms of validity are required and that validity must be
evaluated within the context of the test’s intended purpose and a specific population.
Several forms of validity are relevant to FCEs: content, criterion-related and construct
validity7.
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Content validity was not subject of study of this thesis. Content validity cannot be
tested, but is inferred from expert judgement (7). As stated in chapter 1, the content
validity of the IWS FCE appears sufficient, because it is based on the DOT
taxonomy7,8. The taxonomy of the DOT resembles other taxonomies, such as the
International Classification of Functioning and the Functional Assessment
Taxonomy9-11. The DOT also resembles the taxonomies used in the Canadian
Workers’ Compensation system and the work disability system in The Netherlands
(respectively the Canadian Classification and Dictionary of Occupations and the
‘Functie Informatie Systeem’12, evolved into the ‘Functionele Mogelijkheden Lijst’).
Because of the widespread use of the DOT taxonomy and the resemblance of
derivatives and other taxonomies, the content validity of the IWS FCE is assumed
sufficient. The observation that the taxonomies are alike and used by many, however,
does not mean that they are content valid.

Criterion-related validity refers to the extent to which test performance is related
to some other valued measure of performance or external criterion7. Criterion-
related validity is comprised of concurrent and predictive validity. Concurrent validity
examines the correlation between two or more measures given to the same subjects
at approximately the same time so that both reflect the same behavior. The
concurrent validity of the IWS FCE was compared to 3 measures of self-reported
disability (chapter 8). Although the performance-based and self-reported means of
testing functional capacity may theoretically measure identical or similar constructs,
the results are dissimilar and their relationships range from poor to moderate. The
weaknesses of this study, i.e. differences in operational definitions, differences in
context, differences in measurement strategy, and differences in item scaling, were
compensated for in a follow-up study performed on healthy subjects13. This and
other studies with similar design14,15, confirm the findings presented in chapter 8:
instruments based on self-report or based on performance appear to measure
different dimensions of the disability construct. If different dimensions of the
disability construct were measured, it may be debated whether this could still be
considered a study of concurrent validity, but rather a study of construct validity.

Predictive validity compares a subject’s performance at the initial time of testing
to performance obtained at a later moment, with another valued measure7. It
indicates that the target test was a valid predictor of a criterion score. In the context
of FCEs, predictive validity may refer to the ability to predict test performance, to
predict the ability to perform work-related activities over an 8-hour working day or
to predict return to work. The prediction of test performance was tested in chapters
2 and 7. The results of these studies indicate that functional capacity cannot be
predicted validly from any of the indices studied. The one valid predictor of
functional capacity appears to be the functional capacity itself, as indicated by high
correlations between test sessions, and low correlations between any of the self-
reported or performance indices with the actual performances. As demonstrated
in chapter 2, the performances on the first day of the FCE were predictive of the
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performances on the second day. In its essence, one part of the FCE was predictive
of another. This indicates that a substantial step forward was made in terms of test
efficiency and practicality. Whether additional increase in practicality can be gained
should be subject for future study. The postural tolerances during testing of
maximum holding times could not be predicted validly from any of the predictors
used in the study. Healthy young adults were used in this study, and generalization
of the results of towards patients with CLBP may thus be limited and should be
analyzed in future studies. The ability of an FCE to predict the performance over
an 8-hour working day was not studied in this thesis. The ability of the IWS FCE
test performance to predict a safe and lasting return to work has been studied in
the USA16 and in Canada17,18. The studies indicate that FCE results contributed
little to the prediction of whether or not a safe and lasting return to work could be
achieved. The ability of the IWS FCE to predict return to work in The Netherlands
is currently subject of study.

Construct validity refers to the extent to which a test can be shown to measure a
hypothetical construct. There is no single method to determine construct validity,
but rather an accumulation of evidence, often over numerous studies7. The construct
of study in this thesis is the ability to perform work-related activities. Construct
validity of the FCE should be derived from theoretical relationships, and the results
should converge or diverge according to the nature of the relationship. The evidence
accumulated in this thesis demonstrates test results to be relatively independent
from psychological factors such as perceived effort, pain intensity and kinesiophobia.
Based on the model presented in the chapter 1, however, the influence of
psychological factors on test performance was expected to be greater than the results
accumulated in chapters 2, 6, 7 and 9 suggests. The general picture of the studies
reveal that the psychological factors tested can explain only a very small portion of
the FCE performances. While this is supportive of the construct validity of the FCE,
because functional capacity appears to be a separate construct, it is as of yet no
more than just that. More psychological and psychosocial variables should be
considered before a more definite position can be decided upon19.

Results of the material handling tests demonstrate differences between genders,
both in healthy subjects and patients with CLBP. These gender differences were
expected from work physiology, and supports the ‘known groups’ validity of the
FCE (‘known groups’ validity involves the ability of a test to differentiate between
groups which are known to be different). Gender differences were not as outspoken
or even absent in other tests, for example in position tolerance tests in healthy
subjects. Even though these tests do not require large amounts of muscular strength
or aerobic capacity, known to differ between genders, the results may to a certain
extend be interpreted as non-physiological, indicating that non-physiological factors
contribute to the test results. However, the sample sizes of the studies in this thesis
were too small to detect subtle differences. Future studies aimed to detect these
differences should consider much larger samples. Additionally, future studies are
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required to determine whether the construct of functional capacity may be comprised
of several different subconstructs. Specifically, it appears that each activity tested
in the FCE involves a mix of a diversity of physical and mental capacities and traits.
An FCE may thus test the ability to perform an activity and the willingness to
perform an activity. Testing of an activity that requires muscular or postural
endurance may require little physical capacity and may thus be more reflective of
the willingness to perform the activity.

The construct of ‘effort level’ was also subject of study. A criterion for submaximal
performance was developed and the ability of evaluators to identify submaximal
performances was established. Performance is based on a person’s capacity and
the portion of this capacity that he or she is willing to produce. The term ‘willing’
may be interpreted as a (un-) conscious attempt of a person to perform submaximally
in order to achieve some form of secondary gain. The issue of secondary gain may
be of importance during FCEs, but the knowledge base of secondary gain in the
specific context of FCE is currently mainly speculative. Little to no evidence is
currently available to either confirm or refute either side of the discussion. Now
that a validated means to identify performance intensities is available, the
determinants of performance can be subject of future study.

A gold standard of functional capacity to serve as an external criterion is unavailable.
Thus, as mentioned before, the validity of the FCE should be derived from
relationships, and the results should converge or diverge according to the nature
of the relationship. One of the relationships currently adhered to is that of physical
deconditioning, defined as a decreased level of physical fitness with an emphasis
on the physical consequences of physical inactivity for the human body20. According
to this model of deconditioning, a patient with CLBP is expected to perform lower
on an FCE compared to his or her premorbid status. The results of the patients
tested in this thesis may or may not be reflective of a decreased functional capacity,
however, this cannot be established unless the premorbid functional capacity is
known. Regardless of whether the patients’ capacity has or has not declined, the
levels of performance (let alone their capacities) are often greater than those needed
to defy the functional demands of the work. The findings in this thesis that the
functional capacities of patients with CLBP usually exceed their functional job
demands seem to underwrite the results of others. Comparison of performances
of patients with CLBP with matched healthy subjects reveals no difference in every
day activity levels21) or in aerobic capacity22. In contrast, the majority of the patients
who participated in the studies in this thesis were off work due to loss of capacity
secondary to CLBP. It is hypothesized that whether a person is able to perform his
or her occupational duties, is of minor importance in the determination of return
to work in the Netherlands.
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Relevance 

FCEs were often criticized because of the lack of scientific evidence to support
claims of reliability and validity23. The lack of evidence may have prevented a more
widespread use of FCEs in medical disciplines. The results of the studies presented
in this thesis and of studies performed by others, should redirect the general opinion.
Even though aspects of reliability and the validity of the IWS FCE remain unstudied
or are substandard, the current base of knowledge of the psychometric properties
of the IWS FCE has improved substantially. However, it appears that self-reports
and expert-based assessments continue to be predominant means to assess
functional capacity. While questionnaires can be used to assess self-reported ability
to perform activities, the main asset of an FCE is that it assesses the ability to
perform activities. The question of whether an FCE is useful to complement an
expert assessment cannot be answered until the psychometric properties of expert
assessments are known and the strength of the relationships discovered. The
reliability of expert-based assessments in the Netherlands has been studied scarcely.
The results of a study performed recently indicate the reliability to be poor24. The
relationships between IWS FCE results and the outcome of an expert-based
assessment vary from poor to moderate25.

In the basic models of occupational rehabilitation, occupational medicine and
insurance medicine, the concept of functional capacity in relation to functional
demands plays a major role. The basic principle is that the functional capacity
should be equal to or exceed the functional demands as a pre-requisite for
workability. Should this not be the case, occupational rehabilitation programs,
temporary modified duties or sick leaves, and financially compensated disability
may be indicated. Overseeing the test results of the patients in this thesis, it may
be debated whether the majority of the patients were in need of a program designed
to improve their functional capacity and/or to decrease functional load. Similarly,
it may be debated whether they were correctly off work and financially compensated
because of a supposed disbalance between functional capacity and functional
demands. It is hypothesized that self-reports are the predominant source of
information on which clinical decisions are based. Whether this is indeed reflective
of current practice and whether this is reflective of ‘best practice’ lies beyond the
scope of this thesis.

The magnitude of the test results appears supportive to multidimensional models
of ‘workability’. The construct of workability is seen as a conjunction of several
domains, and the role of the functional capacity domain appears to be a modest
one. The strength of assessing the functional domain by means of a reliable and
valid FCE may be to confirm or to refute the beliefs that the patient’s physical
capacity would be insufficient to perform his work. A falsification would still be a
beneficial outcome, because it can be used to shift the focus from the hypothesized
physical nature of the patient’s problem to behavioral aspects, and to subsequently
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introduce different, more effective and efficient interventions directed towards a
safe and lasting return to work.

Current state and future research

The research in this thesis and of others2,5,6,13,14,17-19,25,26 has moved the body of
knowledge of the IWS FCE into a positive direction since the last reviews were
published in 19991,7. Several reports about different aspects of reliability and validity
are now published. The research performed in different parts of the world and in
different clinical settings largely support each other and contribute to the
generalization of the results. Can the question be answered whether the IWS FCE
is a reliable and valid instrument to evaluate the functional capacity of people with
CLBP? Many studies indicate that the measurement properties of the IWS FCE are
sufficient and may thus support the use of this FCE. On the other hand, several
other important topics still need to be studied in the future.

These topics include:
• The need for alterations in test design to reduce or eliminate ceiling and criterion

effects has been identified. Additional research is needed to test whether these
alterations result in improved reliability and validity.

• The majority of the research is performed on patients with CLBP. Generalizations
of the results to other diagnoses are unknown. Research is needed to study
measurement properties of the IWS FCE on patients with other diagnoses.

• The results of FCEs are by definition compared to the anticipated physical workload
of the client. The same criteria of reliability and validity apply for the workload
assessment. Efforts should be made to systematically analyze the psychometrics of
workload assessments.

• It has been suggested that the length of FCEs should be reduced to facilitate its
use. The results of the study of chapter 2 indicate that a second day of testing may
not be needed for patients with CLBP. The results of a study by Gross et al17 suggest
that the performance on the floor to waist lift to be as predictive for the relationship
between performance and job demands as the entire IWS FCE. These results should
encourage further developments to shorten the protocol.

• It is important to assess not only the extend of which a client is willing to perform
to his or her physical maximum, but also the reason(s) why he or she performs as
such and may contribute to resolving the issue of variance in performance. Now
that a validated means to identify performance intensities is available, the
determinants of performance should be subject of future study.

• It may be difficult to collect data of the anticipated workload or impossible to collect
data of a persons’ premorbid state. However, one could compare FCE results with
the FCE results of matched peers (age, gender, type of work) to determine whether
or not a person could return to work or to estimate the difference with a premorbid
state. For this, a large normative database should be developed.
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Acknowledging the current state of research of the reliability and validity of the
IWS FCE, its strengths and weaknesses, and realizing that important aspects are
still unstudied, it is recommended that this FCE or future versions be used in
occupational rehabilitation, occupational medicine and insurance medicine to
determine a person’s ability to perform work-related activities.
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