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Background: Good responsive functional outcome measures are important to measure
change in stroke patients. The aim of study was to compare the internal and external
responsiveness, floor and ceiling effects of the motor, cognition, and communication
subscales of the Lucerne ICF-based Multidisciplinary Observation Scale (LIMOS) with
the motor and cognition subscales of the Functional Independence Measure (FIM), and
the Barthel Index (BI), in a large cohort of stroke patients.
Methods: One hundred eighteen stroke patients participated in this study. Admission
and discharge score distributions of the LIMOS motor, LIMOS cognition and communication, FIM motor and FIM cognition, and BI were analyzed based on skewness and
kurtosis. Floor and ceiling effects of the scales were determined. Internal responsiveness
was assessed with t-tests, effect sizes (ESs), and standardized response means (SRMs).
External responsiveness was investigated with linear regression analyses.
results: The LIMOS motor and LIMOS cognition and communication subscales were
more responsive, expressed by higher ESs (ES = 0.65, SRM = 1.17 and ES = 0.52,
SRM = 1.17, respectively) as compared with FIM motor (ES = 0.54, SRM = 0.96) and
FIM cognition (ES = 0.41, SRM = 0.88) and the BI (ES = 0.41, SRM = 0.65). The
LIMOS subscales showed neither floor nor ceiling effects at admission and discharge
(all <15%). In contrast, ceiling effects were found for the FIM motor (16%), FIM cognition
(15%) at discharge and the BI at admission (22%) and discharge (43%). LIMOS motor
and LIMOS cognition and communication subscales significantly correlated (p < 0.0001)
with a change in the FIM motor and FIM cognition subscales, suggesting good external
responsiveness.
conclusion: We found that the LIMOS motor and LIMOS cognition and communication,
which are ICF-based multidisciplinary standardized observation scales, might have the
potential to better detect changes in functional outcome of stroke patients, compared
with the FIM motor and FIM cognition and the BI.
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INTRODUCTION

MATERIALS AND METHODS

Several measures for activities of daily living (ADL) have been
published for patients with stroke. Among those, the Barthel
index (BI) (1) and the functional independence measure (FIM)
(2) are most widely used (3–5). The FIM covers two main aspects
of functional outcome, by including a motor and cognitive subscale, while the BI includes motor items only. Previous studies
have explored floor and ceiling effects, and responsiveness of both
FIM subscales, often comparing the FIM motor subscale with the
BI. No clear advantage of the FIM motor subscale over the BI has
been found (6, 7). In addition, floor and ceiling effects have been
suggested for both FIM motor subscale (7–9) and BI (10, 11). An
attempt to overcome ceiling effects and to extend the range of the
FIM has been the adding of 12 additional items of the functional
assessment measure (FAM) to the FIM, so-called FIM + FAM
(12). However, the added value of the FAM can be questioned,
since ceiling effects still remained (12, 13). Consequently, the FIM
is still most commonly used as a reference functional outcome
measurement and this, in particular, in stroke rehabilitation
centers (5).
Recently, the Lucerne ICF-based Multidisciplinary
Observation Scale (LIMOS) has been developed (14). In this
study, it was found that the scale covers four components, which
can be defined as LIMOS motor, LIMOS cognition, LIMOS communication, and LIMOS domestic life subscales. These LIMOS
subscales have several advantages. First, the composition and
rating of the scales are based on the International Classification
of Functioning, Disability, and Health (ICF) (15–18). In fact,
the selection of the items of the LIMOS is based on the comprehensive ICF core sets for stroke (17). Second, the scales are used
by a multidisciplinary team (nurses, physical and occupational
therapists, speech therapists, neurologists). Finally, with respect
to the LIMOS motor and LIMOS cognition, for example, these
include detailed motor items, such as carrying objects (d430), and
cognitive items, such as focusing attention (d160). Therefore, the
more comprehensive LIMOS subscales are expected to be more
sensitive to change over time than the other measures.
The test–retest, inter-rater reliability and construct validity of
the total LIMOS and its subscales has been previously confirmed
(14). However, the internal and external responsiveness, which are
important psychometric properties, still remains to be established.
The internal responsiveness is defined as the ability of a measure
to change over a specific time frame, and the external responsiveness is reflected by the extent to which changes in a measure
relate to corresponding changes in a reference measure (19). The
advantage of having more sensitive measures is that even subtle
changes can be measured in stroke patients with already good
sensory–motor functions. These patients may still have impaired
cognitive functions associated with difficulties in extended ADL
tasks (e.g., cooking, using public transport services).
The aim of this single center, prospective cohort study was to
explore the internal and external responsiveness, floor and ceiling
effects, of the LIMOS motor, and LIMOS cognition and communication subscales – relative to the widely used FIM motor and
FIM cognition subscales and the BI – in a large cohort of inpatients
with stroke, who received multidisciplinary neurorehabilitation.

Patients
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One hundred eighteen inpatients with stroke (37 women; age
41–89 years, mean = 69.4 years, SD = 11.94 years; time interval
stroke onset and admission assessment was between 1–64 days,
mean = 12.9 days, SD = 9.52 days) were prospectively included.
Seventy-nine patients had an ischemic (middle cerebral
artery = 50, posterior cerebral artery = 13, anterior cerebral
artery = 6, several arterial territories = 10) and 39 patients had
a hemorrhagic stroke. All patients were sequentially admitted
to the Neurology and Neurorehabilitation Center, Luzerner
Kantonsspital (LUKS), from January 2014 to January 2015 and
received multidisciplinary neurorehabilitation. The study was
approved by the ethical committee of the state of Lucerne and
was consistent with the Declaration of Helsinki, 1975. All patients
gave informed consent prior to participation.

Instruments

Each stroke patient was assessed with LIMOS motor, LIMOS cognition and LIMOS communication subscales, and the FIM motor
and FIM cognitive subscales at admission and at final discharge
(mean duration of length of stay = 28.9 days, SD = 18.9 days).
A derived BI score was obtained based on the motor items of
the FIM. A previous study demonstrated an almost perfect correlation (rho = 0.99) between an observed and derived BI score
(20). The different measurements (LIMOS, FIM, BI) for each
single patient were done at admission and discharge by the same
assessors.
The previous validation study of the LIMOS revealed that
the total scale contains four components, based on a principal
component analysis (14). Consequently, the total scale can be
divided into a LIMOS motor (including interpersonal activities,
mobility, and self-care), LIMOS cognition (including knowledge
and general tasks), LIMOS communication, and LIMOS domestic life subscale. For proper comparison with the FIM, the LIMOS
motor and LIMOS cognition and communication subscales are
of interest in this study. The LIMOS motor subscale contains
20 items, the LIMOS cognitive and communication subscale
contain 15 cognitive and 5 communication items. Every item is
rated on a 5-point scale (1–5). The 5-point scale for the LIMOS is
defined as follows: 1 = patient is not able to fulfill a task or needs
assistance up to 75% (corresponding to “complete”); 2 = patient
is able to fulfill tasks with assistance of 25 to 75% (corresponding
to “severe”); 3 = patient is able to fulfill tasks with assistance less
than 25% or under supervision (corresponding to “moderate”);
4 = patient is able to fulfill tasks independently but needs more
time and/or with auxiliary materials, aids (corresponding to
“slight”); 5 = patient is able to fulfill tasks independently (corresponding to “none”) (for more information regarding item
description and assessment of LIMOS, also refer Data Sheet S1 in
Supplementary Material).
The FIM is a standardized assessment for ADL, which includes
18 items rated on a 7-point scale: 1 = total assistance; 2 = maximal assistance; 3 = moderate assistance; 4 = minimal contact
assistance; 5 = supervision or set-up; 6 = modified independence; and 7 = complete independence (2). The FIM consists of
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13 motor (or physical) items and 5 cognitive items. The scores
range from 13 to 91 for the motor subscale and from 5 to 35 for
the cognitive subscale.
The BI measures self-care and mobility, including 10 items
scored at two to four levels (1). According to Collin and colleagues (21), a total score of 20 points can be obtained, which
indicate fully independency in ADL.

With respect to the LIMOS cognition and communication
subscale, both admission and discharge scores were normally
distributed and not skewed. In contrast, the LIMOS motor, FIM
motor, and BI scores were negatively skewed at discharge, indicating that values above the mean are much more frequent. No floor
and ceiling effects were found for both LIMOS motor and LIMOS
cognition and communication subscales, and this concerned both
admission as well as discharge scores. Ceiling effects at discharge
were found for the FIM motor and FIM cognition subscales, and
the BI. No floor effects were found for these measures.
With regard to the internal responsiveness, highly significant
changes over time were found for both LIMOS motor and cognition and communication subscales and also for the FIM motor
and cognition subscales as well as the BI. With respect to the
magnitude of these changes, both standardized ES and SRM’s
were largest for the LIMOS motor and LIMOS cognition and
communication (for details see Table 2).
The r-values of the Pearson product moment correlation
analyses indicate that both LIMOS motor and LIMOS cognition
and communication subscales were significantly correlated with a
change in the FIM motor and FIM cognition subscales, suggesting
good external responsiveness (see also Table 3, and Figures 1 and
2). The multiple linear regression analyses also demonstrated strong
significant beta regression coefficients for both LIMOS motor and
LIMOS cognition and communication subscales, showing the
magnitude of change in both subscales associated with a change
in the FIM subscales. The amount of variation in the LIMOS motor
subscale change score (improvement from baseline) explained by
the FIM motor change score was 84%. For the LIMOS cognition
and communication subscales change the amount of variation
explained by the FIM cognition change score was 49%.

Statistical Analyses

In accordance with Husted and colleagues (19), internal responsiveness was examined using three most commonly used statistics being paired t-test, the standardized effect size (ES), and the
standardized response mean (SRM), which is a different type of
ES. The SRM is calculated by dividing the mean difference score
by the standard deviation (SD) of the difference score. The ES is
calculated as the mean difference score divided by the SD of the
baseline score (22, 23). According to Cohen’s criteria, an ES >0.8
is large, 0.5–0.8 is moderate, and 0.2–0.5 is small (24). External
responsiveness was investigated by calculating Pearson product
moment correlation coefficients (r), between changes in LIMOS
and FIM subscales. We also performed multiple linear regression
analyses of the relationship between the LIMOS and FIM subscales. The LIMOS subscales change score (discharge–admission
score) was taken as the dependent variables (y), and LIMOS subscales admission scores, and FIM subscale admission scores, and
FIM subscale score changes were taken as independent variables.
The score ranges and distributions (skewness and kurtosis)
of each of the measures were examined. The floor and ceiling
effects reflect the extent to which scores cluster at the bottom
and top, respectively, of the scale range. Floor and ceiling effects
were considered present if 15% of respondents scored the lowest
or highest score on a scale, respectively (23). Score distributions were considered normal if the skewness and kurtosis were
between −1 and +1.
Descriptive analyses were applied to patients’ demographic
variables and behavioral performances (LIMOS, FIM, BI). Level
of significance was set at p = 0.05 (two-tailed). All values are
expressed as mean ± SD. Statistical analyses were performed using
PASW for Windows (version 23.0; SPSS, Inc., Chicago, IL, USA).

TABLE 2 | Measures of internal responsiveness (mean score difference,
effect size, standardized response mean) for the LIMOS motor, LIMOS
cognition and communication, FIM motor and cognition and BI.
Measures

LIMOS motor
LIMOS cog and commun
FIM motor
FIM cognition
Barthel

RESULTS
The score distributions of the three measures are presented in
detail in Table 1.

t1–t0
Diff (SD)

p-value

Effect size

SRM

14.81 (12.69)
10.23 (8.73)
13.17 (13.75)
3.44 (3.90)
2.65 (4.06)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.65
0.52
0.54
0.41
0.41

1.17
1.17
0.96
0.88
0.65

LIMOS, Lucerne ICF-based multidisciplinary observation scale; FIM, Functional
Independence Measure; cog, cognition; commun, communication; SD, standard deviation.

TABLE 1 | Score distributions of the LIMOS, FIM, and BI scales.

LIMOS motor
LIMOS cog and commun
FIM motor
FIM cog
BI

t0

t1

Skewness

Kurtosis

Floor

Ceiling

Mean (SD)

Mean (SD)

t0

t1

t0

t1

t0

t1

t0

t1

66.70 (22.73)
64.34 (20.81)
62.01 (24.29)
23.32 (8.44)
13.03 (6.48)

81.52 (17.51)
74.57 (19.81)
75.18 (19.44)
26.76 (7.31)
15.62 (5.03)

−0.41
−0.28
−0.68
−0.60
−0.69

−1.39
−0.70
−1.61
−1.02
−1.74

−0.90
−0.78
−0.73
−0.56
−0.73

1.62
−0.36
1.78
0.53
2.23

1 (0.8%)
1 (0.8%)
6 (5%)
3 (3%)
7 (5.9%)

1 (0.8%)
0 (0%)
1 (0.8%)
1 (0.8%)
1 (0.8%)

3 (3%)
1 (0.8%)
5 (4%)
7 (6%)
26 (22%)

6 (5%)
6 (5%)
19 (16%)
18 (15%)
51 (43%)

LIMOS, Lucerne ICF-based multidisciplinary observation scale; FIM, Functional Independence Measure; BI, Barthel Index; t0, measurement at admission; t1, measurement at
discharge; cog, cognition; commun, communication; SD, standard deviation.
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TABLE 3 | Measures of external responsiveness (correlation method and
linear regression analysis) for the LIMOS motor and LIMOS cognition and
communication with FIM motor and cognition.
Measures
LIMOS motor
LIMOS cog and commun

r

p-value

β (SE)

p-value

R2

0.88
0.67

<0.0001
<0.0001

0.73 (0.04)
1.63 (0.18)

<0.0001
<0.0001

0.84
0.49

LIMOS, Lucerne ICF based multidisciplinary observation scale; FIM, Functional
Independence Measure; SE, standard error; cog, cognition; commun, communication.
r, correlation coefficient between the LIMOS subscale change score and the FIM
subscale change score.
The Beta coefficients stand for the FIM change scores.
R2 = expresses the regression model statistics of the association between the LIMOS
and FIM subscales.

FIGURE 2 | LIMOS cognition and communication subscale change
correlates significantly with a change in the FIM cognition subscale.

mobility (e.g., lifting and carrying objects) are assessed within
the LIMOS motor subscale, relative to FIM and BI. This might
also explain why the latter two demonstrate ceiling effects, which
have already been previously described (6, 7, 10, 11), and are
further supported by our data. Ceiling effects clearly limit the
usefulness of a tool in assessing change during rehabilitation
(25). Interestingly, the importance of integrating more detailed
cognitive functions in scales, which measure functional outcome,
has already been suggested more than two decades ago (26). In
this study, it was shown that deficits in cognition, particularly
cognitive abilities, such as short-term verbal memory or comprehension deficits, negatively influence length of stay and are
highly predictive for the functional status of a stroke patient at
the end of the hospital stay. Even patients who improve physically
may not show comparable improvement in cognition and, therefore, may leave rehabilitation with a lesser degree of functional
independency and an increased need for follow-up services (26).
Consequently, the authors already pledged for an early, comprehensive assessment of deficits in cognition, which may affect a
stroke patient’s functional outcome. More recently, two studies
further pinpointed to the predictive value of disturbed cognitive
functioning in stroke (27, 28).
With respect to the FIM and the BI, our ES and SRM values
are similar to those previously found by Wallace and colleagues
(29) in stroke patients. Hobart and colleagues (6) found lower
responsiveness values for the FIM motor subscale (=0.48) and
the BI (=0.56). These different values suggest that the responsiveness of an instrument is strongly related to the timing of
the measurements and phase of rehabilitation. Indeed, the
two assessment time points (discharge assessment at the latest 3 months after stroke) in our cohort were similar to those
of Wallace and colleagues’ (29) study, explaining the similar
results, whereas Hobart and colleagues (6) followed up patients

FIGURE 1 | LIMOS motor subscale change correlates significantly
with a change in the FIM motor subscale.

DISCUSSION
The main finding of the present study is that the motor, cognition
and communication subscales of the LIMOS – which is an ICFbased, comprehensive, reliable and valid assessment measuring
functional outcome in stroke patients (14) – are more responsive
than the motor and cognition subscales of the FIM, and the BI.
Our data further demonstrate that the LIMOS subscales are less
prone to ceiling effects than the FIM and the BI. A major advantage of the LIMOS is, therefore, that changes in functional ability
can be detected in stroke patients with better baseline levels of
motor and cognitive functions at rehabilitation admission, and
both this at a motor and a cognitive level.
The good responsiveness of the LIMOS motor and LIMOS
cognition and communication subscales may be explained by
the comprehensiveness. On the one hand, several cognitive
aspects, such as thinking (d163), or solving complex problems
(d1751), are integrated in the LIMOS subscale, but not in the
FIM cognition subscale. On the other hand, different aspects of
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for a longer time period. In any case, irrespective of the SRM
values, we found, for the FIM motor and FIM cognition subscales and BI, much higher ES and SRM values were found for
the LIMOS motor and LIMOS cognition and communication
subscales. Regarding FIM, an expansion of the scale has been
proposed by adding the FAM, which includes additional items
for cognition and speech. However, the responsiveness of the
expanded FIM (=FIM + FAM) did not further improve (12),
which might be explained by the fact that these additional items
were not specific enough to detect any further change (6). With
the LIMOS cognition and communication, this problem could
now be overcome.
One could argue that due to the more comprehensive nature of
the LIMOS, its administration might be rather time-consuming,
and, indeed, the total number of LIMOS items is higher than those
of the FIM or BI. However, it is proportionally lower for each discipline involved (rehabilitation nurse, occupational-, physical-,
and speech therapist, or neurologist). The multidisciplinary use
of the LIMOS is a major advantage compared with the FIM or BI,
which are mostly assessed by nurses only. Since multidisciplinary
team care in a neurorehabilitation setting leads to best functional
outcome in stroke patients (30), a multidisciplinary assessment
should be mandatory.

To conclude, this study demonstrates that the motor and
cognition and communication subscales of the LIMOS are highly
responsive in stroke. Due to its sensitive properties, the scales
have a strong potential to become standard tools in future large
randomized controlled rehabilitation trials.
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