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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 re-
view 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 ab-
stracts, and the databases were limited to literature
published between 1980 and April 2004. Two indepen-
dent reviewers applied the inclusion criteria to select all
relevant articles and evaluated the methodological
quality of all included articles. Results: The search re-
sulted 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 reli-
ability (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 al-
lows us to perform different tasks in daily life, for in-
stance 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 (Ferrari and Russel 2003; Marras 2000; Palmer
2000; Reginster 2002).

In recent years, as the incidence of work-related
injuries and occupational diseases has risen consider-
ably, 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 dec-
ades a socio-economic problem and actually dominates
the political debate. From 1976 to 2001, the number of
injured or sick workers who were partially or fully dis-
abled 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 (IEBS, Statistic Central Desk 2001). 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 (Statistic Central Desk).
Impairments of the musculoskeletal system are, beside
the psychological disorders, the most important causes
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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 (Statistic Central
Desk).

Functional Capacity Evaluation (FCE) aims to be a
systematic, comprehensive and multi-faceted ‘‘objec-
tive’’ measurement tool designed to measure someone’s
current physical abilities in work-related tasks (Strong
2002; Tuckwell et al. 2002; Vasudevan 1996). FCEs are
commonly used for individuals who have work-related
disorders, particularly musculoskeletal disorders (Lech-
ner 1998; Vasudevan 1996). FCEs are used by physi-
cians, insurance companies, medical care organizations
as well as in 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 (Harten 1998; Innes
and Straker 2002).

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 mar-
ket as high quality work assessment methods: Blanken-
ship System (BS), (Blankenship 1994) Ergos work
simulator (EWS) Reference EWS FCE, Ergo-Kit (EK)
(EKFCE 2002) and Isernhagen Work System (IWS)
(IWSFCE).

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 mea-
surements (King et al. 1998). The providers of these
FCEs pretend that these assessments use procedures that
are reliable and valid (Lindeboom et al. 2003). 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
(Gardener and McKenna 1999).

The aim of the present study is to review systemati-
cally 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?

Materials and methods

Systematic search strategy

We performed a systematic literature search involving
the following electronic databases: CINAHL (nursing
and allied health literature), Medline (biomedical liter-
ature), Embase (biomedical and pharmacological liter-
ature) and OSH-ROM (occupational safety and health

related literature, including databases as RILOSH,
MIHDAS, HSELINE, CISDOC and NIOSHTIC2).

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 cap-
turing all relevant literature. We included articles:

1. Written in English, Dutch or French
2. Using one of the following FCEs: Blankenship, Er-

gos, Ergo-Kit, or Isernhagen
3. Presenting data about the reliability and/or validity

of these FCEs.

Study selection

Applying the inclusion criteria defined above, the first
two authors independently reviewed the titles and ab-
stracts 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 in-
cluded, 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.

Table 1 Key words and their synonyms used in the present study

Functional Capacity Evaluation Reliability/Validity

Functional capacity evaluation Reliability
FCE Reliable
Blankenship Repeatable
Ergos Reproducibility
Ergo-kit Test–retest
Isernhagen Intrarater reliability

Interrater reliability
Consistency
Consistent
Stability
Precision
Validity
Valid
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Reviews were included and only used to screen for fur-
ther 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 ap-
plied 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
(Altman 1991; Deyo et al. 1991; Innes and Straker
1999a, b; Numally 1978; Weiner and Stewart 1984).

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 (Deyo et al. 1991; Innes and
Straker 1999a, b; Numally 1978; Weiner and Stewart
1984), and (5) statistics to evaluate whether the statistics
used are clearly described and properly used to test the
hypothesis of the study (Altman 1991).

Each study gets 5 scores and the total score was
calculated by adding + and � scores: +, +, +/�, +
and � give a total of 2 +, as one � eliminates one +
and +/� does not count. The methodological quality of
the studies is rated as follows:

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

– Moderate: 2 or 3 +, indicating a moderate method-
ological quality

– 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.

Reliability and validity

An assessment is considered reliable when the measure-
ments are consistent, free from significant error and
repeatable over time, over the date of administration and
across evaluators (Carmines and Zeller 1979; Streiner
and Norman 2003). Different types of reliability are
known as intrarater reliability, test–retest reliability, in-
terrater reliability or internal consistency (Innes and

Straker 1999a). In this study, we looked for: (1) intrarater
reliability, the consistency of measures or scores from one
testing occasion to another, assuming that the charac-
teristic being measured does not change over time, and
(2) interrater reliability, the consistency of measures or
scores made by raters, testers or examiners on the same
phenomenon (Innes and Straker 1999a). 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 (Portney and Watkins 2000).

Validity refers to the accuracy of the evaluation: an
assessment is considered valid if it measures what it in-
tends to measure and if it meets certain criterion (Car-
mines and Zeller 1979; Innes and Straker 1999b; King
et al. 1998; Schultz-Jonhson 2002). In this study, we

Table 2 The methodological quality appraisal (Altman et al. 1991;
Deyo et al. 1991; Innes and Straker 1999a, b; Numally 1978;
Weiner and Stewart 1984). n number of subjects, G gender, A age,
H health status, W work status

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

Objective
+ The objective of the study is clearly mentioned
� The objective of the study is not clearly mentioned

Population
+ The five items n, G, A, H and W appear in the article
+/� 3–4 of the five items appear in the article
� 1–2 of the five items appear in the article

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 ten

measurements
� Number of raters used is 2 within ten 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

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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looked for: (1) face validity, the degree that a test ap-
pears 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 estab-
lished 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 (Innes and Straker 1996b).

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)
(Altman 1991; Innes and Straker 1999a, b; Numally
1978). 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, j, Cronbach’s
alpha, a, 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.

Results

Literature search

A total of 146 potentially relevant citations were re-
trieved 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 (Boadella et al.
2003; Brouwer et al. 2003; Dusik et al. 1993; Gross and
Battié 2001, 2003, 2004; IJmker et al. 2003; Isernhagen
et al. 1999; Matheson et al. 2002; Reneman et al. 2001,
2002a, b , c; Rustenburg et al. 2004), and six reviews
(Gibson and Strong 1997; Jones and Kumar 2003; King
et al. 1998; Lechner 2002; Schultz-Johnson 2002; Tram-
posh 1992). No article was found from the search in the
database Picarta for Dutch literature. From the bibliog-
raphy 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

Table 3 Levels of reliability and validity

Level of reliability: intrarater reliability, interrater reliability and
internal consistency (Altman et al. 1991; Innes and Straker 1999a;
Numally 1978)
Pearson product moment coefficient (r), Spearman correlation
coefficient (p), Somer correlation coefficient (d)a

High r/p/d>0.80
Moderate0.50 £ r/p/d £ 0.80
low r/p/d<0.50
Intra-class correlation coefficient ICC
High ICC>0.90
Moderate0.75 £ ICC £ 0.90
Low ICC
Kappa value k
High k>0.60
Moderate0.41 £ k £ 0.60
Low k £ 0.40
Cronbach’s alpha a
High a>0.80
Moderate0.71 £ a £ 0.80
Low a £ 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 (Altman et al. 1991; Innes and Straker 1999b)
Face/content validity
High The test measures what it is intended to measure

and all relevant components are included
ModerateThe 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%, j>0.60, r/d>0.75)a

ModerateSome similarity between the test and the criterion
measure (percentage agreement ‡70%, j ‡0.40,
r/d ‡0.50)a

Low Little or no similarity between the test and the
criterion measure (percentage agreement <70%,
j<0.40, r/d<0.50)a

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)

ModerateModerate 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)

aSomer correlation coefficient (d) was ranged by the authors as the
Pearson product moment coefficient (r) and Spearman correlation
coefficient (p)
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examine the intra- or interrater reliability but the reli-
ability 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, crite-
rion-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 (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

Table 4 Results of the
methodological quality
appraisal and the overall
methodological quality

Authors FCE
method

Objective Population Procedure Statistics Methodological
quality

Brouwer et al. (2003) + + + + + High
Dusik et al. (1993) + + +/� +/� + Moderate
Gross and Battié (2001) + + + +/� + High
Gross and Battié (2003) + + + + +/� High
Gross and Battié (2004) + + + + + High
IJmker et al. (2003) + + + + +/� High
Isernhagen et al. (1999) + + +/� + + High
Matheson et al. (2002) + + +/� + + High
Reneman et al. (2002a) + + +/� +/� +/� Moderate
Reneman et al. (2002b) + + + � + Moderate
Reneman et al. (2002c) + + + + +/� High
Rustenburg et al. (2004) + + + +/� +/� Moderate

Table 5 Overview of the included studies on the reliability of the four FCE methods. ICC intra-class correlation coefficient, % percentage
of agreement. n number of subjects/G gender/A age/H health status/W work status

FCE method
(subtests)

Objective:
type(s) of
reliability

Population Procedure Outcomes Authors/year
of publication

Isernhagen WS
(28 tests)

Intrarater
reliability
(test–retest)

N: 30 subjects Time interval: 2 weeks 0.75 £ ICC £ 0.87 Brouwer
et al. (2003)G: 24 males/6 females

A: 40 years
H: chronic low back pain
W: 15 out of work/15
working

Isernhagen WS (1) Interrater
reliability

n: 28 subjects (1) 3 raters used (1) All ICC‡.95 Gross and
Battié (2001)

Floor to waist lift (2) Test–Retest
reliability

G: 71% male/29% female (2) Time interval: 2 to 4
treatment days

(2) All ICC‡0.78
Waist to overhead lift A: 41 years
Horizontal lift H: low back pain
Front carry W: not working
Right/Left side carry
Isernhagen WS Interrater

reliability
n: 3 subjects 12 raters used (1) Judging lifting as

light, moderate or
heavy j=0.68

Isernhagen
et al. (1999)

Floor to waist lift G: 3 males 8 physical therapists (2) Judging lifting
as light or heavy
j=0.81

Horizontal carry A: ? 3 occupational therapists
Waist to crown lift H: disabled for lifting 1 non-clinical healthcare

professional
W: working conditioning
program

Isernhagen WS (1) Interrater
reliability

n: 4 subjects (1) 5 raters used: (1) Session 1:
%agreement
‡93%

Reneman
et al. (2002a)

Lifting low/high (2) Intrarater
reliability

G: 2 males/2 females 3 physical therapists Session 2:
%agreement
‡87%

Short carry A: 20–30 years 2 occupational therapists (2) % agreement ‡.93
Long carry two hands H: healthy (2) Time interval: 1 week

to 2 monthsLong carry right hand W: ?
Long carry left hand
Isernhagen WS Test–Retest

reliability
n: 50 subjects Time interval: 1 day (1) ICC=0.87 Reneman

et al. (2002b)(1) Lifting low G: 39 males/11 females (2) ICC=0.87
(2) Lifting overhead A: 38.8 years (3) ICC=0.77
(3) Short carry H: chronic low back pain

W: 19 not working
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ranked as high (Brouwer et al. 1993; Gross and Battié
2001, 2003, 2004; IJmker et al. 2003; Isernhagen et al.
1999; Matheson et al. 2002; Reneman et al. 2002c), and
four as moderate (Dusik et al. 1993; Reneman et al.
2002a, b; Rustenburg et al. 2004).

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 (Dusik et al.
1993; Reneman et al. 2002a). For all of them, we did not
find that high quality procedures were used to achieve
their objectives: three were scored as moderate (Dusik
et al. 1993; Reneman et al. 2002a; Rustenburg et al.
2004) and one as low (Reneman et al. 2002b). Con-
cerning 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
(Dusik et al. 1993). Concerning the concurrent validity
of the EWS and EK, the time interval between assess-
ments on both FCEs was considered too long (Rusten-
burg et al. 2004). Concerning the intrarater reliability
studies of the IWS, the time interval between test and
retest was too short or too long (Reneman et al. 2002a,
b).

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 (Brouwer et al. 2003;
Gross and Battié 2001; Isernhagen et al. 1999), one on
the concurrent validity of the IWS and EK (IJmker et al.
2003) and four on the predictive and concurrent validity
of the IWS (Gross and Battié 2003, 2004; Matheson
et al. 2002; Reneman et al. 2002c).

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 (Dusik et al. 1993;
Rustenburg et al. 2004). Dusik et al. (1993) examined theIs
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concurrent validity between the EWS and three other
functional capacity assessments: the rehabilitation ther-
apy 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 con-
current validity was given by a kappa coefficient. The
authors found that the EWS correlated well with the
RTPE (j=0.63) but poorly with the SHOP and VAL-
PAR (j<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) (Rustenburg et al. 2004) and one on
the concurrent validity of the EK and the IWS (IJmker
et al. 2003). 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 apprai-
sal 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 out-
comes concerning the intrarater (test–retest) reliability
were presented (Brouwer et al. 2003; Gross and Battié
2001; Reneman et al. 2002a, b), and three outcomes
about the interrater reliability (Reneman et al. 2002a;
Gross and Battié 2001; Isernhagen et al. 1999).

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) reliability was quanti-
fied 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 deter-
mine 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) sub-
jects and expressed the level of reliability with a per-

centage of agreement (Reneman et al. 2001a) and an
intraclass correlation coefficient (Reneman et al. 2001b)
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 impor-
tant 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 (Carmines and
Zeller 1979; Matheson et al. 1996). 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 in-
terrater reliability (Fleiss 1986; Portney and Watkins
2000; Tinsley and Weiss 1975), 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
(j=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.

The systematic literature search retrieved five studies
on the validity of the IWS. In these five validity studies,
one outcome concerns the construct validity (Gross and
Battié 2003), two the predictive validity (Gross and
Battié 2004; Matheson et al. 2002) and two the con-
current validity (IJmker et al. 2003; Reneman et al.
2002c).

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 au-
thors concluded that the predictive validity of the IWS
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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 limita-
tions. 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 pa-
tients 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.

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 reli-
ability 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 con-
cerning 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 litera-
ture.

While a systematic search of the literature was per-
formed, 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 bibli-
ography 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 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 (Hart
et al. 1993). 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 (Matheson et al. 1996, 2002; Port-
ney and Watkins 2000). If an FCE measurement is not
reliable, tests results are not consistent and it would be
thus impossible to demonstrate its validity (King et al.
1998). 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 (Gross and Battié 2003, 2004;
Matheson et al. 2002; Reneman et al. 2002c), 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 stan-
dard’, that is already established and assumed reliable
and valid (Portney and Watkins 2000; Streiner and
Norman 2003). 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 com-
parison 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 (Carmines
and Zeller 1979; Portney and Watkins 2000; Streiner and
Norman 2003). 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 (concur-
rently), making their reference as concurrent validity
studies even less suitable.

Functional capacity evalutions are principally used in
rehabilitation and work disability. In a rehabilitation
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context, physical therapists try to improve the physical
abilities of 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 strat-
egy adapted to the current physical abilities of the pa-
tient. From the FCE test results and their personal
judgement 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 counsellors 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 dis-
ability, 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 phys-
ical 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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