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Abstract Purpose To assess repeatability and safety of
the functional capacity evaluation-one-handed (FCE-OH),
a FCE-OH individuals, consisting of eight items. Method
The FCE-OH protocol was administered twice to 23 indi-
viduals with upper limb absence (87% male; median age 46
years; median 2 days between sessions). To examine repeat-
ability, test—retest reliability and agreement were assessed
with the intraclass correlations coefficient (ICC) and limits
of agreement (LoA), respectively. Reliability was considered
acceptable when ICC-values were >0.75. Widths of LoA
of four tests were compared with those of healthy adults.
Safety and pain response were assessed with a question-
naire. Results After controlling for stability of construct,
ICC-values ranged between 0.23 and 0.96, and widths of
LoA ranged between 16 and 79%. Intertrial (learning) effects
were present in three test items. No serious adverse reac-
tions were reported. A pain response was reported by 30%
of the participants. Conclusion Good or excellent reliability
was observed in five tests, while three items showed poor or
moderate test—retest reliability. Interpretation of agreement
was possible for four tests, of which three showed widths of
LoA similar to those reported in healthy adults. Learning
effects were present; therefore, interpretation at the individ-
ual level should be performed with care. As the CI of several
items were wide, confirmation of results in a larger sample
is warranted. Safety was confirmed.

- S. G. Postema
S.G.Postema@umcg.nl

University of Groningen, University Medical Center
Groningen, Department of Rehabilitation Medicine, P. O.
Box 30001, 9700 RB Groningen, The Netherlands

Center of Human Movement Sciences, University Medical
Center Groningen, University of Groningen, Groningen,
The Netherlands

Keywords Vocational rehabilitation - Test-retest -
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Abbreviations
CI Confidence interval
FCE-OH Functional capacity evaluation-one-handed

ICC Intraclass correlation coefficient
IQR Interquartile range

LoA Limits of agreement

ULA Upper limb absence

WRULD  Work-related upper limb disorders
Introduction

After an amputation of the upper limb, return to work is
often an important goal of rehabilitation, as employment
is generally beneficial for the individual [1, 2]. However,
functional capabilities may have altered due to the amputa-
tion and prosthesis use. Also individuals who are born with a
transversal reduction deficiency of the upper limb may expe-
rience physical limitations due to one-handedness, which
may influence their functional capacity. As no instrument
was available to assess the functional capacity of individuals
with upper limb absence (ULA) in a standardized environ-
ment, a functional capacity evaluation (FCE) for one-handed
individuals was developed [3]. This instrument can be used
to guide decision making of rehabilitation professionals
regarding suitable work, or to measure outcomes of voca-
tional rehabilitation programs. Moreover, it helps assessing
work limitations due to musculoskeletal complaints, which
are a frequent problem in individuals with ULA [4, 5]. Test
outcomes can be compared directly with workload or indi-
rectly with reference values [6]. The FCE for one-handed
individuals (FCE-OH) contains items that are adapted from
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an FCE for individuals with work-related upper limb dis-
orders (WRULD) [7]. While all tests of the FCE-WRULD
were considered reliable in healthy adults [8], this cannot
automatically be assumed for the tests of the FCE-OH in
its target patient group. Because the FCE-OH contains sub-
stantial alterations with regard to the FCE-WRULD, and is
developed for a different patient group, psychometric proper-
ties should be examined separately.

It has been demonstrated in healthy workers and patient
groups with different chronic pain syndromes that FCE has
not led to serious adverse effects, although, a temporary
pain increase is common [9, 10]. The safety of FCE appli-
cation and pain response during and after FCE application
in patients with ULA has not been investigated. The aim of
this study was to examine the repeatability and safety of the
FCE-OH.

Method
Setting

Patients were recruited from, and FCE sessions were held at
the Prosthetic Center of the Italian Workers’ Compensation
Authority (INAIL) in Vigorso di Budrio, Italy.

Design

Test-retest design; two FCE sessions were held with an
interval of at least 24 h apart. A questionnaire on demo-
graphics was answered directly after session 1, while 24 h
after session 1 the participant was asked to answer several
questions about pain response. Stability of construct (e.g.
the participant’s self-perceived physical and mental health
status being unchanged) was assessed with a questionnaire
prior to session 2. The guideline for reporting reliability and
agreement study (GRRAS) checklist was followed [11].

Participants

Potential participants were inpatients from INAIL, who
stayed at the centre for several days for prosthetic fitting,
repair or training. They were informed of the study by the
prosthetic and therapeutic staff and received an information
letter from the primary researcher, who invited them to par-
ticipate in the study. It was made clear that participation was
voluntary and rejection of participation would not influence
their treatment at the center. Inclusion criteria were: age
18-62 years (official retirement age in Italy); presence of an
upper limb reduction deficiency or amputation at or proxi-
mal to the carpal level; normal function of the unaffected
hand; all seven items of the Italian translation of the physi-
cal activity readiness questionnaire [12, 13] were answered

@ Springer

negatively, or, when the latter was not the case, if participa-
tion was considered safe by a medical doctor. Prosthesis use
was not necessary for participation. All patients who met
the inclusion criteria were invited. Determination of sam-
ple size was based on sample sizes of previous studies on
repeatability of FCEs (ranging from 18 to 50; median of 30
participants [8, 10, 14—18]), and availability of participants
during the allocated study period.

Procedures

All sessions were administered by the same tester, who was
trained in the standardized FCE-OH procedures. Participants
and tester were blinded for the test results of session 1 until
the second session was completed. After a general introduc-
tion of the sessions, the participant was verbally instructed
how to perform each test. Each test was demonstrated by the
tester. The participant was also instructed on the four termi-
nation criteria: (1) the participant wished to stop one or all
tests for whatever reason; (2) the tester deemed it unsafe to
continue; (3) the participant’s heart rate was above 85% of
his or her age-related maximum [220-age]; or (4) a set time
limit or number of repetitions was reached. Delayed onset
(muscle) soreness as a result of the FCE-OH was expected
and the participants were informed accordingly before sign-
ing the informed consent form. To provide safety during the
FCE-OH tests, heart rate was monitored continuously with
a heart rate monitor.

Six tests were performed, of which two (repetitive reach-
ing test and fingertip dexterity test) were performed with the
unaffected limb and prosthetic limb separately, thus making
a total of eight test items. The repetitive reaching test with
the unaffected limb and prosthetic limb, the fingertip dexter-
ity test with the unaffected limb and the prosthetic limb, and
the handgrip strength test with the unaffected limb were each
performed three times (referred to as three trials). The tests
were performed in a set order: overhead lifting test with a
receptacle, overhead lifting test with a 2.0 kg weight (with
the unaffected limb), overhead working test, repetitive reach-
ing test (alternating three trials with the unaffected limb and
three trials with the prosthetic limb), fingertip dexterity test
(alternating three trials with the unaffected limb and three
trials with the prosthetic limb), and handgrip strength test
(three trials with the unaffected limb). The overhead lifting
test with a receptacle and the overhead working test were
performed two-handed (unaffected and prosthesis hand),
unless the participant had no prosthesis available or had a
transhumeral amputation. In that case the test was performed
with the unaffected limb only. The fingertip dexterity test
could not be performed with a cosmetic prosthesis. Materi-
als, objects and test procedures are presented in Appendix.

Pain response was assessed with self-reported question-
naires. After session 1 participants received an extended
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version of the pain response questionnaire (PQR) [9] and
were asked to answer the first three questions 24 h after
finishing session 1. These three questions informed after:
(1) whether pain was perceived and, if so, the type of pain
(muscular pain, other pain, or a combination of these), (2)
whether the participant perceived this pain as being directly
caused by the FCE session, and (3) whether the patient had
experienced any other physical reaction after the first FCE
session. The remaining 14 questions were answered prior to
session 2, and assessed stability of construct and presence
of pain in the 12 h prior to session 2. If pain was present,
the location of pain and the severity of the pain [on an 11
point numeric rating scale from 0 (no pain) to 10 (worst
imaginable pain)] was asked. To control for stability of con-
struct of measurement, which is a prerequisite for test-retest
reliability analyses [19, 20], changes in mental and physical
health (equal, better or worse) compared to the first session,
and changes in medication use since the first measurement
were recorded. Moreover, it was asked whether the partici-
pants had received prosthesis training between sessions, and
whether changes were made to the prosthesis (e.g. repair)
since session 1. In addition, a questionnaire about demo-
graphics was administered.

Data Analysis

All test scores consisted of continuous variables. For the
items of the repetitive reaching test and the fingertip dexter-
ity test, and the hand grip strength test the average of three
trials was calculated and used for further analyses. Skewness
and kurtosis values divided by their standard error were used
to assess distribution of normality of difference between test
outcomes of session 1 and 2. If both outcomes were smaller
than +1.96 normal distribution was assumed, and a paired
sample ¢ test was performed to analyse whether test results
of session 1 were significantly different from results of ses-
sion 2. When the difference was not normally distributed,
a Wilcoxon signed-rank test was used, and the median and
inter quartile range (IQR) were presented. Differences were
considered statistically significant when p < 0.05.
Descriptives of the test results during the first and sec-
ond trial, one-way random intraclass correlation coefficients
(ICC) for single measures, and 95% confidence intervals
(95% CI) of the ICC-values were computed. ICCs of >0.90
were interpreted as excellent, ICCs between 0.75 and 0.90
as good, ICCs between 0.50 and 0.75 as moderate, and ICCs
of <£0.50 as poor [21]. ICC-values of >0.75 were consid-
ered acceptable [15, 16]. To assess repeatability further, 95%
Limits of agreement (LoA) were calculated (mean differ-
ence + 1.96 X standard deviation of mean difference), which
represent the size of difference between both measurements;
approximately 95% of differences will lie between these LoA
[22]. Only changes outside the LoA should be considered

as real change [20]. In order to get a global impression of
the width of the LoA, a ratio between the LoA and the mean
score of session 1 and 2 was calculated [((1.96 X standard
deviation of mean difference)/(mean session 1, 2)) x 100%].
When the difference between test outcomes of session 1 and
2 was not normally distributed, the value of 1.96 in the pre-
vious two calculations was replaced with the value 2 [22].
Interpretation of LoA is a clinical decision and not a statis-
tical one [22]. Widths of LoA of the overhead lifting test,
overhead working test, fingertip dexterity test and handgrip
strength test were compared with the widths of LoA found
in healthy adults [8]; differences of >10% were considered
deviant. As it is unknown whether the LoAs found in healthy
adults are acceptable, clinically relevant interpretation of
(widths of) LoA is not possible.

Test—retest reliability explains the extent to which scores
for patients who have not changed are the same for repeated
measurement over time [20]. Therefore two analyses were
performed; first an analysis including all participants, and
second an analysis including only the participants with sta-
bility of construct of measurement (e.g. stable functional
capacity, in this study determined as unchanged physical
and mental health status, and no changes in medical use as
measured with the PRQ). Furthermore, in order to assess
inter-trial variation a repeated measures one-way ANOVA
was performed if a test consisting of multiple trials showed
a significant difference in test results between sessions 1 and
2. If Mauchly’s test of sphericity was significant, the Green-
house-Geisser estimate was reported. To examine whether
observed trends of intertrial variation were significant post
hoc Bonferroni analyses were performed.

All analyses were performed in IBM Statistics SPSS 22
[23].

Results

Thirty-two individuals were invited to participate, of which
two declined. Therefore, 30 individuals participated, of
which 23 performed the FCE-OH protocol twice (com-
pleters), with a median time of 47.2 h (IQR: 43.7; 68.0)
between sessions. Reasons for seven participants not to per-
form session 2 (non-completers) were: logistic difficulty to
schedule a second session due to time constraints (n=4),
declining for unknown reason (n=2), and no show (n=1).
Characteristics of the participants are presented in Table 1.
Differences between completers and non-completers were
small (<10% difference for each variable).

Stability of Construct

Six individuals had prosthesis training between FCE-OH
sessions 1 and 2, all but one participant used the same
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prosthesis during both sessions, and two participants had
changes to the prosthesis. In total, six individuals mentioned
changed health status at session 2: mental health was better
(n=3), or worse (n=1), or physical health was better (n=2),
or worse (n=1). No participants had alterations in medica-
tion use between sessions. One participant showed a differ-
ence in overhead lifting capacity of 16 kg. During session
2, issues with the prosthesis led to substantial difficulties in
lifting performance, as observed by the tester and confirmed
by the participant. Therefore, the results of this participant
were omitted from the analyses of the overhead lifting test.

Repeatability

Both primary (with all participants; Table 2) and second-
ary (participants with changed health status excluded;
Table 3) analyses showed acceptable reliability (ICC-values
of >0.75) for five out of eight items of the FCE-OH, and
one item close to the 0.75 threshold of acceptable reliabil-
ity. Differences between primary and secondary analyses
were small and did not influence interpretation of accept-
ability. Secondary analyses revealed widths of LoA ranging
between 16 and 79%. Differences of the widths of LoA of
the overhead lifting test, fingertip dexterity test, and hand-
grip strength test observed in this study and in healthy adults

Table 1 Characteristics of the
participants

All participants Participants included in
the test—retest analyses
Number of participants 30 23
Gender: male/female (n) 24/6 20/3

Age (years) [median (IQR)]
BMI (kg/m?) [median (IQR)]
Marital status [n (%)]

46.2 (35.2; 54.4)
25.8(23.4;28.3)

46.0 (35.2; 55.5)
25.7(23.7;27.8)

@ Springer

Single 10 (33.3) 7(30.4)
Living together with partner 19 (63.3) 16 (69.6)
Divorced or widowed 1(3.3) 0(0)
Highest level of education [n (%)]
Primary school 1(3.3) 14.3)
Middle or high school 21 (70.0) 15 (65.2)
College or university 8 (26.7) 7(30.4)
Employed [n (%)] 14 (46.7) 12 (52.2)
Level of amputation (n)
Transhumeral 5(16.7) 3(13.0)
Transradial or wrist disarticulation 25 (83.3) 20 (87.0)
Side of deficiency: left/right (n) 13/17 11/12
Cause of deficiency (n)
Congenital 1(3.3) 1(4.3)
Amputation: trauma 29 (96.7) 21 (95.7)
Amputation of dominant hand® [n (%)] 17 (63.0) 12 (60.0)
Time since amputation (years)b [median (IQR)] 1.7 (1.4;5.1) 1.7 (1.4;5.1)
At clinic for first fitting with prosthesis® [n (%)] 6 (20.0) 5@21.7)
Years of prosthesis use [median (IQR)¢ 1.5 (1.0; 18.0)° 1.5 (1.0; 18.8)
Prosthetic use during FCE-OH testing [n (%)] 19 (63.3) 15 (65.2)
Myoelectric traditional 11 (57.9) 8 (53.3)
Myoelectric with multiarticulating hand 1(5.3) 1(6.7)
Body-powered 4 (21.1) 3(20.0)
(Prototype) cosmetic 3(15.8) 3(20.0)

#Not included in the calculation of the percentage were two individuals who were ambidextrous before the

amputation and one individual with a congenital reduction deficiency

®Not included in the analysis was one individual with a congenital reduction deficiency

“Individuals who visited the clinic for the first fitting with a prosthesis; therefore these individuals were not

experienced with prosthesis use and did not have a prosthesis available

Individuals who visited the clinic for the first fitting with a prosthesis were not included in the analysis

°One missing value
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Table 4 Intertrial effects of the repetitive reaching test and the fingertip dexterity test with the dominant hand

F-value (df) p

Session 2

Session 1

n

FCE-OH test item

Trial 6

Trial 5

Trial 4

Trial 3

Trial 2

Trial 1

<0.001%*

19.2 (2.3)

42.5 4781w 2ok

43,8+ 891w 2k

47.9411.7"= 45.8 473"

50.3 + 1021
Sk, Ok

54.8 + 8,97k Ik
Ao Sojeges Osgerge

Repetitive reaching test 16

with the dominant

hand (s)
Repetitive reaching test

0.008**

56.8+18.6 53.4+20.1 522+14.1 52.0+13.5" 499+13.6" 6.6 (2.0)

61.1+17.9%% 6%

9

with the prosthetic

hand (s)
Fingertip dexterity test

<0.001%%*

13.8 4+ 2.2 L 4 13.8 +2.01* 8.2 (5)

134424 13.3+2.8 12.5£2.4%

11.6 4 1,625 S5 Osese

17

with the dominant

hand (n)

For both items of the repetitive reaching test the Mauchly’s test of sphericity was statistically significant and therefore the Greenhouse-Geisser estimate was reported. Statistically significant dif-

ferences between trials are reported in superscript (with numbers referring to trials). Data is presented as mean=+ SD. Trial 1-3 were performed during session 1, and trial 4-6 during session 2

s seconds, n number of pins placed, df degrees of freedom

#p<0.05
#4p <0.01

(23, 14, and 20%, respectively) [8] were <10%, and thus
considered similar. The width of LoA of the overhead work-
ing test was wider in this study (79%) compared to the width
of LoA in healthy adults (41%) [8].

Participants performed significantly better during the
second session on the repetitive overhead lifting test with
the 2.0 kg weight, the repetitive reaching test (both with
the unaffected limb and the prosthetic limb), and on the fin-
gertip dexterity test with the unaffected hand (Tables 2, 3).
Analyses of intertrial variation are presented in Table 4. As
the first trial of the repetitive reaching test was performed
slower compared to all following trials an extra analysis
was performed, omitting this trial. The ICC-value showed
an evident increase (to 0.69, 95% CI 0.32; 0.88), however,
the 0.75 level of acceptable reliability was still not reached.
The width of LoA changed minimally.

Safety

No tests were terminated due to surpassing 85% of the age-
related maximum heart rate. During the first session the
overhead lifting test was thrice terminated by the tester, as
it was deemed unsafe to continue (generally due to too much
bodily swing while lifting, sometimes in combination with
difficult grip with the prosthesis). During the second ses-
sion this occurred only once. No serious adverse reactions
occurred, but one individual reported a bruise on the unaf-
fected forearm 1 day after the first session. This adverse
reaction was most likely caused by pressure of the lower
rim of the container on the forearm, while lifting the con-
tainer with one hand during the overhead lifting test. After
this event the container was padded with foam, and no such
incident occurred again. Eight (30%) participants reported a
physical response 24 h (pain or other) after the first FCE-OH
session, which was partly or completely caused by the test
procedure (Fig. 1). Five of these eight individuals performed
both sessions; in all five participants the pain was still pre-
sent at the start of session two (median pain grade: 4, range
2-5). Three of the eight individuals with a pain response
did not perform session two; one of these three individuals
declined further participation due to the pain response.

Discussion
Repeatability

Five of the eight items of the FCE-OH showed acceptable
reliability. For the repetitive reaching test with the unaf-
fected limb and the fingertip dexterity test with the prosthe-
sis test—retest reliability was not acceptable. The overhead
working test was close to reliable. However, the width of
LoA of this test was much wider compared to the width
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24 hours after session 1 (n = 30)

Number of participants
performing session 2

No pain response: n =19

Myalgia:n=5

Myalgia and other pain:n=1

Other pain:n=1

Myalgia and other physical
response: n=1

Questionnaire not answered: n = 3

n=5
—— Other pain being exacerbation of MSC ——— n =0
—— Other pain being stump pain —— n=0
- Other physical response being bruise n=0 NOTE. For n = 1 the
on forearm given reason for not
performing session 2
n=0 was related to pain

Fig. 1 Pain response 24 h after FCE-OH session 1. MSC musculo-
skeletal complaints. Prior to session 2 participants answered a ques-
tionnaire regarding the locations of possible complaints. The five
individuals with myalgia 24 h after session 1, who performed ses-

of LoA in healthy adults. Three other tests showed similar
widths of LoA, while for four remaining tests comparison
of agreement was not possible.

The overhead working test showed a large width of LoA,
meaning large within individual differences between ses-
sions. The long duration of the test enhances the chance
that an individual performs notably different when repeti-
tively performing the test. However, this test showed con-
siderably smaller widths of LoA when performed by healthy
adults [8] and patients with whiplash associated disorders
[10] (41 and 49%, respectively, versus 71% in this study), as
well as a higher ICC-values (0.90 and 0.83, respectively).
The overhead working test is known to show variable ICC-
values, ranging from 0.36 in patients with low back pain
[16] to 0.90 in healthy adults [8]. Possibly, participants did
not completely recover between sessions, and results of this
endurance test, were affected by muscle fatigue. Further-
more, it could be that reminiscence of fatigue and possibly
pain decreased motivation.

In comparison with the overhead working test, the repeti-
tive reaching test with the unaffected limb was performed
significantly better during session 2, which may be caused
by learning effects. The higher bound of LoA showed that
a test had to be performed at least 19 s faster, to be consid-
ered as a real change [20]. The first trial of session 1 was
performed significantly slower than all following trials, and
therefore it was hypothesized that removing this trial from
analysis would improve reliability measures. The ICC-value
increased evidently when this trial was removed; however,
the 0.75 level of acceptable reliability was not reached. The
test showed modest variability between subjects, which

@ Springer

sion 2, had myalgia of the shoulder of the nonaffected limb (n=1),
the shoulder of the affected limb (n=23) and the forearm of the nonaf-
fected limb and lower back (n=1)

can substantially decrease reliability, as reliability demon-
strates how well persons can be distinguished from each
other, despite measurement error [19, 24]. In the FCE-OH,
the repetitive reaching test has been substantially altered
and therefore reliability measures cannot be compared with
existing literature [3].

For the fingertip dexterity test with the prosthesis the
wide CI, possible mediated by the low number of partici-
pants, resulted in an uncertain estimate of the ICC-value. No
definitive conclusions should be drawn until the reliability
of this test is ratified in a larger sample.

Secondary analyses were performed, including only indi-
viduals with predefined stability of construct. ICC-values
are ratio measures of the between-subject variance and the
total variance, the latter including within-subject variance
(measurement error) [24, 25]. Excluding individuals without
stability of construct decreased within-subject variance, but
possibly also the between-subject variance, and definitely
the number of participants, which may explain why differ-
ences between results of the primary and secondary analyses
are small, and did not change interpretation of reliability.
Significant difference of test results between session 1 and
2, and inter-trial variation was present in several tests. Nev-
ertheless, when within-participant differences are smaller
than between-participant differences, acceptable reliability
coefficients are possible [19, 24]. However, it is important to
be aware of these effects when assessing a patient.
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Safety

When necessary precautions are taken, the FCE-OH seems
to be safe in use, since no serious adverse events occurred,
and heart rates of all participants fell within acceptable
ranges. One patient experienced a bruise 1 day after FCE-
testing, which may be classified as an adverse reaction,
which is defined as “any untoward and unintended response
to an investigational medical product” [26]. Furthermore,
several individuals experienced a pain response after the
first FCE-OH session. Pain was mostly denoted as muscu-
lar pain and located in the shoulder of the affected limb,
which may be caused by the generally passive use of this
limb in daily life. Moreover, exacerbation of musculoskeletal
complaints may occur. The percentage of individuals with a
pain response was much lower than found by Soer et al. [9]
(30 vs. 82%, respectively). Reasons for this finding are still
speculative and beyond the scope of this article.

Strengths and Weaknesses

A weakness of the study is that the COSMIN recommenda-
tion of 50 participants was not feasible. While the COSMIN
guideline recommends 50 participants, the results of this
study, and of other FCE reliability studies with a similar
number of participants [14, 17, 18], show that a substan-
tially smaller sample can be sufficient to establish reliability.
However, the smaller sample may have provoked large Cls
of ICC-values, reflecting a general uncertainty about the true
ICC, and making it necessary to frame clinical interpreta-
tions at the individual level with care. Although results are
promising, a study on a larger sample is called for. Most
individuals eligible and available for the study were willing
to participate; however, completion of both sessions was not
always possible and mostly related to time constraints. It is
unknown whether this caused any bias.

The interval between both sessions should be long enough
to avoid recall bias and fatigue, but short enough to avoid
changes in health status, causing genuine difference in per-
formance. Following practical considerations, the interval
in this study was variable, with a median of approximately
2 days. This is a shorter time interval compared to most
studies, which had time intervals of 1 to 2-3 weeks [8, 10,
16-18], but similar to the time interval in the study of Gross
and Battie, who had 2—4 days between sessions [14]. A short
interval may cause recall bias of test results (especially for
the overhead lifting test, as participants may have recalled
the number of weights put in the container), leading to
higher ICC-values; but simultaneously may lead to lower
ICC-values as the interval might not allow for full recovery.
With exception of the overhead working test, we don’t expect
the short interval to have played a role, as participants typi-
cally performed equal or better during session 2. Reliability

measures of the overhead working test are preferably rep-
licated in a study with a larger interval between sessions.

In this study widths or LoA are compared with healthy
adults [8]. Some tests of the FCE-OH were substantially
altered, and therefore could not be compared. Interpretation
of LoA is a clinical decision [22], and a possible way to
interpret them is by using the minimal clinically important
change. However, the FCE-OH being new, the minimal clini-
cally important change still is to be established. Therefore,
further considerations on LoA will follow.

Conclusion

Good or excellent test—retest reliability was observed in five
tests, while the remaining three tests showed poor or mod-
erate test—retest reliability. Comparison of agreement was
possible for four tests, of which three showed similar agree-
ment. The FCE-OH was considered safe in use when the
right precautions are taken. Large CIs of the ICC-values and
LoA, as well as learning effects, make it necessary to frame
clinical interpretations at the individual level with care.

Acknowledgements The authors thank Dr. A. G. Cutti for his valu-
able contribution to the study.

Compliance with Ethical Standards

Conflict of interest
of interest.

All authors declare that they have no conflict

Ethical Approval All procedures followed were in accordance with
the ethical standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki Declara-
tion of 1975, as revised in 2000. This study was approved by the local
medical ethical committee (Reference No. 0001341), and registered in
the Netherlands Trial Register (NTR; Reference No. 5807).

Informed Consent Informed consent was obtained from all patients
for being included in the study.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

Appendix

See Table 5.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

J Occup Rehabil (2018) 28:475-485

484

puey pajoageun Ay yim puey sisaypsold oy ur surd oy ooeyd 0) pamoire st yuedronied oy ‘stsoyisord oY) Ym powrrojrad ST 1S9) OY) USYM,

s1saysoxd Jnoyim s3s9) [e wiojiad v Moqe 9A0qe ue Y sjuedionred

Y payoulg

surd jo oquunN

pew e (‘AA
JYS1I 0] J9]) SIUSWAOUWI ()¢ (S) W],

PIoY
9q ued uonisod onje)s Yorym (s) awr,

(998) "A’A SJI[ ()T 10J PIpau dwIl],

(3y)
JYS1om PAYJI[ JO JUNOWE WNWIXEIA]

s ¢ "xoidde 10§ 7 uonisod ur

191owoureukp drgpuey orneIpAy e

Suryourd ‘uonisod [ernnou ur Jstm

pue WLIBAIo) AY) pue ‘06 "xoidde je

poxal moq[e ‘parejor A[[ennau pue
pajonppe Jopnoys oy} yirm Sumis

eBlD S Qg e Ul

puey sisayjsoid Jo pajodgeun Yirm

qrqrssod se surd Auew se Suroeyd
‘preoq3ad ot Jo oIy UT SUINIS

puey sisayjsoid

IO pajodgyeun YIIm "A'A JYSLI 03 1J9[

woIj sown (¢ WSI1oY d[qe) e wo)

-sAs unyoro Surgono) ‘ueds Jurm
uo swa)sAs Junporp yim Sumig
9[qE[TeAR USUM PISN SI SISAYISOI]

ISLIM PIJodyjeun

aY) punore sjySrom Jno Jurreom

pue ‘sjjoq pue sjnu Junendruew
U319y umolId Je spuey yim Suipuels

puey pajodyeun

3 Y ‘uonrsod Surpuess ur ‘A'A
JYS1oY UMOId 0} d[qe) WOIJ SYI] 07
J[qe[TeAR UM PIsSN SI SISAYISOI]

payoear

ST JySToM JO JUNOWe WNWIXeu

[nun (sefew 10§ 3 (' ‘So[eway

10J 3 ()°7) 1YS1oMm JO SJUAWIAIOU]

‘uontsod Jurpue)s ur § ()6 UM
"A’A JYSTOY UMOID 0) 9[qe} WOIJ SYI[ §

GINITH ¢ Sormoworg
001D) I91owoweukp puey

('NI anofeye]
‘0T0TEH# [opow) pIeoqsad anping

[¢] swaysAs Sun{oro omyJ,

3Y 01 Jo WySrom-JJno suo
pue ‘synu pue $)[0q ‘SA[0Y G YIIm
1y31oy ur 9[qeisnipe arerd wnrurwnyy

S ' JO 1yS1om ® pue SOAJoYS 9[qe
-)snfpe yIrm wosAs payunowt [fem

30y pue

0'C ‘0’1 JO SIyS1om pue SIAJYS 9[qe

-)snfpe yIrm WoIsAs pajunow fem e
‘(wd 97 X O X O) 9oeIdadar onsed

ySuans dug puey dLroWOS]

AKyyxop dnaaSurg

Amuanxs raddn
o) Jo syuawaAowW dAnNadar Jse]

QIMB[NOSNW Yoou
pue 19p[noys jo awrn Surpjoy onels

QINJe[NOSNUI ULIE
pue I9p[noys jo YISuaI)s [euonoun,j

QINJB[NOSNU ULIE
pue 19p[noys jo yiSuaxs [euonoun,g

y3uans duspuey

K1yxop dnaaSurg

Suryoear aannedoy

SunjIom peayIoAQ

1ySrom-3Y 7 & YiIM SunjI[ peayIoaQ

IoUTRIUOD € Y)IM Sunji peayroaQ

QUIOIINO JUAWAINSBIIN

aInpadoig

S[RLIOJEIA

oAn22(qQ

1S9L,

$189) HO-dDd XIS 9y} jo 21mpadoid pue $)09[qo ‘S[ELIRIA S [qeL

pringer

Qs



J Occup Rehabil (2018) 28:475-485

485

References

10.

11.

12.

Waddell G, Burton AK. Is work good for your health and well-
being? London: TSO; 2006.

Ross CE, Mirowsky J. Does employment affect health? J Health
Soc Behav. 1995;36(3):230-243.

Postema SG, Bongers RM, Reneman MF, van der Sluis CK. Func-
tional capacity evaluation in upper limb reduction deficiency and
amputation: development and pilot testing. J Occup Rehabil. 2017.
doi:10.1007/s10926-017-9703-4.

@stlie K, Franklin RJ, Skjeldal OH, Skrondal A, Magnus
P. Musculoskeletal pain and overuse syndromes in adult
acquired major upper-limb amputees. Arch Phys Med Rehabil.
2011;92(12):1967-1973.

Postema SG, Bongers RM, Brouwers MA, Burger H, Norling-
Hermansson LM, Reneman MF, et al. Musculoskeletal complaints
in transverse upper limb reduction deficiency and amputation in
The Netherlands: prevalence, predictors, and effect on health.
Arch Phys Med Rehabil. 2016;97(7):1137-1145.

Soer R, van der Schans CP, Geertzen JH, Groothoff JW, Brouwer
S, Dijkstra PU, et al. Normative values for a functional capacity
evaluation. Arch Phys Med Rehabil. 2009;90(10):1785-1794.
Reneman MF, Soer R, Gerrits EHJ. Basis for an FCE methodol-
ogy for patients with work-related upper limb disorders. J Occup
Rehabil. 2005;15(3):353-363.

Soer R, Gerrits EHJ, Reneman MF. Test-retest reliability of a
WRULD functional capacity evaluation in healthy adults. Work.
2006;26(3):273-280.

Soer R, Groothoff JW, Geertzen JHB, Van Der Schans CP, Rees-
ink DD, Reneman MF. Pain response of healthy workers follow-
ing a functional capacity evaluation and implications for clinical
interpretation. J Occup Rehabil. 2008;18(3):290-298.
Trippolini MA, Reneman MF, Jansen B, Dijkstra PU, Geertzen
JHB. Reliability and safety of functional capacity evaluation in
patients with whiplash associated disorders. J] Occup Rehabil.
2013;23(3):381-390.

Kottner I, Audigé L, Brorson S, Donner A, Gajeweski BJ,
Hrobjartsson A, et al. Guidelines for reporting reliability and
agreement studies (GRRAS) were proposed. J Clin Epidemiol.
2011;64(1):96-106.

Shephard RJ. PAR-Q, Canadian Home Fitness Test and exercise
screening alternatives. Sports Med. 1988;5(3):185-195.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Thomas S, Reading J, Shephard RJ. Revision of the Physical
Activity Readiness Questionnaire (PAR-Q). Can J Sport Sci.
1992;17(4):338-345.

Gross DP, Battié MC. Reliability of safe maximum lifting
determinations of a functional capacity evaluation. Phys Ther.
2002;82(4):364-371.

Reneman MF, Dijkstra PU, Westmaas M, Goeken LNH. Test—
retest reliability of lifting and carrying in a 2-day functional
capacity evaluation. J Occup Rehabil. 2002;12(4):269-275.

. Brouwer S, Reneman MF, Dijkstra PU, Groothoft JW, Schellekens

JM, Goeken LN. Test-retest reliability of the Isernhagen Work
Systems Functional Capacity Evaluation in patients with chronic
low back pain. J Occup Rehabil. 2003;13(4):207-218.

Reneman MF, Brouwer S, Meinema A, Dijkstra PU, Geertzen JH,
Groothoff JW. Test-retest reliability of the Isernhagen Work Sys-
tems Functional Capacity Evaluation in healthy adults. J] Occup
Rehabil. 2004;14(4):295-305.

James C, Mackenzie L, Capra M. Test-retest reliability of the man-
ual handling component of the WorkHab functional capacity eval-
uation in healthy adults. Disabil Rehabil. 2010;32(22):1863-1869.
de Vet HCW, Terwee CB, Knol DL, Bouter LM. When to
use agreement versus reliability measures. J Clin Epidemiol.
2006;59(10):1033-1039.

Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW,
Knol DL, et al. The COSMIN checklist manual. Amsterdam:
EMGO Institute for Health and Care Research; 2012.

Innes E, Straker L. Validity of work-related assessments. Work.
1999;13(2):125-152.

Bland JM, Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet.
1986;1(8476):307-310.

IBM Corp. IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corp; 2013.

Bland JM, Altman DG. A note on the use of the intraclass correla-
tion coefficient in the evaluation of agreement between two meth-
ods of measurement. Comput Biol Med. 1990;20(5):337-340.
Altman D, Bland J. Measurement in medicine: the analysis of
method comparison studies. Statistician. 1983;32(3):307-317.
Guideline for good clinical practice E6(R1). ICH Harmonised
Tripartite Guideline; 1996.

@ Springer


https://doi.org/10.1007/s10926-017-9703-4

	Repeatability and Safety of the Functional Capacity Evaluation-One-Handed for Individuals with Upper Limb Reduction Deficiency and Amputation
	Abstract 
	Introduction
	Method
	Setting
	Design
	Participants
	Procedures
	Data Analysis

	Results
	Stability of Construct
	Repeatability
	Safety

	Discussion
	Repeatability
	Safety
	Strengths and Weaknesses

	Conclusion
	Acknowledgements 
	References


