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Summary

The majority of measurement scales used to evaluate out-
come in rehabilitation are ordinal in nature and consequently
statistically valid assessments of change are difficult to make.
The Functional Independence Measure (FIM) can be weighted
to possess interval properties, potentially allowing more ac-
curate analysis of change. In this study the FIM was compared
to the Barthel Index (BI) to determine its validity, reliability
and ease of use in two groups of 25 patients undergoing
neurorehabilitation. The FIM was considered to be more valid
than the BI, and equally reliable in the assessment of disabili-
ty. When the two disability scores were compared using sub-
jective and objective assessment the agreement between them
was comparable, although neither was high.

Introduction

In order to evaluate accurately the efficacy of any
therapeutic practice it is necessary to use appropriate
measuring tools which are both valid and reliable.!2
This is of particular importance in rehabilitation, which
is labour-intensive and is often carried out over a pro-
longed period of time. The difficulties inherent in
clinical evaluation, particularly in relation to the assess-
ment of change, have resulted in the development of a
wide variety of measurement scales which attempt to
give a numerical notation to the clinical situation. Such
measurement of clinical change is crucial to the assess-
ment of outcome, benefit and cost-effectiveness.

Most scales used are ordinal in nature; that is they
show a rank order, but it cannot be assumed that the
steps on the scale are equal. It follows that it cannot be
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concluded that a score of 10 is twice that of 5, and this
inequality considerably limits statistical analysis and in-
terpretation. Hence it is not correct to use the change in
an ordinal scale to produce a numerical notation of cor-
responding clinical change unless all patients start at the
same point. Intervals scales, on the other hand, are
ranked in equal proportions, allowing comparison of
change, even when starting at different points in the
scale, and therefore providing a more objective way of
quantifying functional change in groups of disabled
patients.

The Barthel Index?® (BI) (Appendix 1) is an ordinal
scale with a range of 0 to 20 which has been used as a
measure of disability in clinical research for many years.
Previous studies have stated that it is valid, relatively
reliable but not very sensitive to change.4% The Func-
tional Independence Measure’-® (FIM) (Appendix 2)
was devised in 1984 by a workshop developed by the
American Congress for Rehabilitation Medicine and the
American Academy of Physical Medicine and
Rehabilitation to be used as a universal assessment tool
in the Uniform Data System for Medical Rehabilitation
(UDS!9), It was developed in order to provide a more
comprehensive assessment of disability not only of self-
care activities and mobility but also communication and
cognitive function. It has a range of 13-126. Initially it,
too, was ordinal but has since undergone several
refinements — the most notable of which is the
weighting of individual scores using Rasch analysis,!!
which utilizes log odds ratios of probability to make the
intervals between individual steps the same, and thus
allows the FIM to be used as an interval scale.!? It com-
prises 18 items; 13 motor items (self-care and locomo-
tion) and five cognitive items (communication and
cognition), each of which is scored on a seven-point
scale. The motor and cognitive scores have been
separated, and each score now has a range of 0-100. The
interrater reliability is said to be high.13

Giving the FIM interval properties allows it to be used
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statistically to measure change in disability, and so it
can more accurately be used as an objective assessment
of change both in rehabilitation research and in clinical
trials.

The aims of this study were: (a) to compare the validi-
ty and ease of use of the FIM with the BI as an index of
disability at a single point in time, (b) to compare the
rate of change of both scales over a period of inpatient
rehabilitation, and (c) to assess the reliability of both
scales when assessed using a single scorer and a
multidisciplinary team scoring the scale with subjective
and objective information respectively.

Methods
VALIDITY STUDY

Twenty-five consecutive patients admitted to the
neurorehabilitation unit were studied. FIM(motor) and
BI were each scored within 3 days of admission by a
multidisciplinary team comprising a doctor, an oc-
cupational therapist, a physiotherapist, a speech
therapist and the primary nurse for the patient concern-
ed. Measurement was based on the information obtain-
ed by individual members of the team having assessed
the patient. Within 3 days of planned discharge the two
scores were repeated in the same manner without access
to the admission scores. The FIM(motor) scores were
then adjusted to the Rasch analysed weighting table.!2

RELIABILITY STUDY

The following 25 patients admitted were also scored
on the FIM(motor) and BI. In this study the medical
member of the team (D.K.) interviewed each patient
directly without prior knowledge of their true ability
from therapists; thus the score was based solely on pa-
tient report. The same patients were scored in-
dependently by the remainder of the team using the
same methods as described previously. The scores were
repeated within 3 days of discharge.

STATISTICAL ANALYSIS

For the validity study the kappa statistic » was used to
measure the degree of agreement between the two
scores, and includes a correction for any agreement
which may occur by chance. In the reliability study the
method proposed by Bland and Altman!® was employed
to estimate the precision of, and agreement between, the
measurements made by the different observers.

Results
VALIDITY STUDY

Twelve patients had multiple sclerosis (MS), six had
had strokes, one a central nervous system vasculitis and
two each had brain and spinal cord tumours and head
injury. The median length of stay was 23 days. The me-
dian (range) BI was 12 (2-20) on admission, 19 (4-20) on
discharge with a median change of 3 (0-13). The median
FIM(motor) was 54 (30-100) on admission and 71
(33-100) on discharge, with a median change of 7
(—4-34). Twenty (80%) patients improved on the BI, 21
(84%) improved on the FIM. Two patients were un-
changed on either score.

When the individual components of each score were
examined (the 13 components of the FIM were
necessarily reduced to the same 10 components of the
BI) 14% of the scored components changed on the FIM
but not on the BI, whereas only 2% showed change on
the BI but not the FIM. Thirty per cent changed on both
scores. The disparity between FIM and BI was seen in
all 10 components; the most frequently occurring were
dressing, grooming, bathing, transfers and ability to
climb stairs.

Table 1 shows the degree of agreement between the
two scores as indicated by the kappa statistic x. This
shows that, while the agreement between the two scores
was reasonable on admission and discharge it was less so
for change in score.

RELIABILITY STUDY

Twelve patients had MS, three had had strokes, two
each had head injury, brain tumour, cord tumour and
movement disorder, one had Guillain-Barré syndrome
and one had had encephalitis. The medium length of
stay was 22 days.

The median (range) BI scored by the team and by the
single observer was 15 (3-20) and 16 (3-20) respectively
on admission, and on discharge 18 (4-20) and 19 (6-20)
respectively, with a median change of 2 (0-9) and 1
(0-9). The median FIM(motor) scored by the team and
by the single observer was 63 (24-83) and 66 (31-83)
respectively on admission and 73 (31-90) and 68
(35~100) on discharge, with a median change of 8
(—1-37) and 4 (—3-395).

The objective measurement showed improvement in
76% with the BI and 92% with the FIM, whereas the
subjective assessment showed improvement in 52% and
72% respectively. Table 2 shows the mean difference &
between each set of scores and the 95% limits of agree-
ment of scores of each scale. This shows quite wide
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Table 1. Tables showing incidence of agreement between the two scores using a cut-off of 10 and 50 for BI and FIM respectively, with the kappa
statistic of agreement and 95% confidence limits for BI and FIM(motor) scores of 25 patients in study!
Admission Discharge Change
BI BI BI
0-10 11-20 0-10 11-20 0-10 11-20
FIM 0-50 11 1 12 0-50 S 0 5 0-50 18 0 18
51-100 0 13 13 51-100 1 19 20 51-100 2 5 7

1 14 25 6 19 25 20 5 25
Kappa statistic 0-92 0-88 0-78
95% confidence limits 0-77-1-0 0-66-1-0 0-49-1-0

Table2. Mean difference and 95% limits of agreement between the two methods of scoring for Bl and FIM(motor) scores of 25 patients in study?

BI BI BI FIM FIM FIM
(admission) (discharge) (change) (admission) (discharge) (change)
Mean difference (d) 0-8 0-44 1-24 2-56 0-64 3-20
95% limits of agreement —-4-72-3-12 -2-02-2-9 ~2-19-4-67 —15-3-10-18 -16-8-18-08 ~6-67-13-07

variations between the two methods of scoring which
are proportionately comparable in both the FIM and the
BI.

Discussion

In order to be an effective measurement tool which is
useful in clinical practice a scale should possess the
following fundamental properties: (a) validity: that is, it
actually measures what it purports to measure; (b)
reliability: that the measurement is repeatable and
reproducible when measured by single and different
observers; (c) sensitivity; (d) specificity; (e) ease of use
and (f) non-specialist dependence. It is impossible to
assess accurately sensitivity and specificity using these
scales, since there exists no gold standard with which to
compare them. Ease of use is of particular importance
in clinical practice in order not to be time- and
personnel-consuming, although in research greater ac-
curacy is often achieved at the expense of time. In this
study a comparison of two disability scales has been
made addressing the validity, ease of use and reliability
using different scoring methods.

VALIDITY

The Barthel Index is said to be valid** but is flawed in
that ‘ceiling’ and ‘floor’ effects exist,!* meaning that a
spectrum of disability exists at the minimum and max-
imum scores which may not be identified if it changes.
However, its 10 component parts provide an account of
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the functional status of the patient with respect to per-
sonal care and mobility. The Functional Independence
Measure was developed in order to provide a measure of
disability not only in terms of activities of daily living
(ADL) but also communication and cognitive function.
In expanding the motor components to 13 parts it pro-
vides a more comprehensive assessment of function
than the BI. Whilst feeding, grooming, bathing and
toileting are included in both, the FIM expands dressing
and transfer activities to give a more detailed appraisal
of the patient’s function; most patients have greater
difficulty dressing their bottom half, and the degree of
help required will dictate how much time is spent dress-
ing and undressing the patient by a carer. Similarly if
the patient can transfer independently from wheelchair
to toilet, but not into the bath or shower, then the
degree of independence is much greater than for so-
meone who requires help with all transfers. The locomo-
tion component is also more valid in that it scores ability
to move no matter by what means, while the BI
penalizes patients who are wheelchair-bound but entire-
ly independent. Furthermore the FIM ranks seven levels
of severity, providing a more accurate assessment of
ability in each component and increasing the potential
to detect change should change occur. Finally the ability
to identify and score problems with communication and
cognition is particularly important, since these may be
relevant to other functional limitations, and must be
considered when planning rehabilitation programmes.
Neither scale, however, scores instrumental (‘extended’)
ADL tasks such as kitchen activities.
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RELIABILITY

In the first study the x statistic for both scores on ad-
mission and on discharge was similar, although lower
for the assessment of change. It may be that this is due
to the fact that the FIM is more sensitive in identifying

‘change; when all the scores are analysed 84% of patients

were noted to improve on the FIM against 67% on the
BI, and when individual component parts are examined
14% showed change on the FIM alone, whereas only
2% showed change on the BI without a corresponding
change on the FIM.

In the second study the reliability of the BI was com-
parable to the FIM (Table 2). The subjective
assessments tended to be scored at higher levels than the
objective ones, perhaps reflecting the fact that patients
tend to underestimate their disability.1¢ Furthermore the
charge in scores was smaller on subjective assessment
than when objectively assessed by the multidisciplinary
team. This has important implications for the use of
such scales in research and clinical practice. It has been
stated that the BI can be scored by patient report even
on the telephone, but our data do not hold this to be
true. The variation in BI ranged from —3 to +6, and
was proportionately similar to that of the FIM. The
degree of agreement between BI scores was similar to
that noted previously.6!7 The results do, however, sug-
gest that repeated measurements shouid be carried out
by the same observers each time.

EASE OF USE

The Bl is easy and quick to perform and requires little
expertise in its use.* On the other hand the FIM requires
some training and experience in the scoring system,
takes longer to complete and frequent reference to the
scoring booklet is needed, although with practice it is
possible to score the FIM quite quickly.

In summary our preliminary experience of the FIM
suggests that it is a valid and useful scale with reliability
similar to that of the BI. Furthermore the use of Rasch
analysis transforms the FIM into an interval scale
(although the individual components remain ordinal),
permitting more meaningful statistical analysis to be
made of patient groups. The greater choice of scores
allows more accurate representation of true abilities. It
is, however, more time-consuming to score and requires
experience in its use. The results show that it is impor-
tant to score patients using objective measurements
rather than by patient report, since the latter
underestimates disability and identifies less change in
function subsequently. The studies suggest that the FIM

may be considered superior to the existing ADL scales
and has a role in both research and in clinical practice to
assess patients’ functional status and to monitor results
from therapeutic intervention or disease progression.
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Appendix 1: The Barthel Index

2: The Functional Independence Measure

Bowels

Bladder

Grooming

Toilet use

Feeding

Transfer

Mobility

Dressing

Stairs

Bathing
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— incontinent

occasional accident
continent

incontinent or catheterized and
unable to manage

occasional accident

continent

needs help
independent

dependent

needs some help but can do
something

independent

unable

needs help cutting, spreading butter,
etc.

independent

unable

major help (one or two people)
minor help (verbal or physical)
independent

immobile

wheelchair-independent including
corners, etc.

walks with the help of one person
(verbal or physical)

independent (but may use an aid)

dependent

needs help, but can do about half
unaided

independent

unable

needs help (verbal, physical, carry-
ing aid)

independent up and down
dependent

independent

FIM(motor) FIM(cognitive)
Self-care Communication

A. Feeding N. Comprehension
B. Grooming O. Expression

C. Bathing

D. Dressing upper body Social cognition

E. Dressing lower body P. Social interaction
F. Toileting Q. Problem solving

Sphincter control
G. Bladder management
H. Bowel management

Mobility

Transfer:

1. Bed, chair, wheelchair
J. Toilet

K. Tub, shower

Locomotion

L. Walk/wheelchair
M. Stairs

Independence 7

Modified dependence: 5

Complete dependence: 2

R. Memory

complete independence
(timely, safely)
modified independence
(device)

supervision
minimal assistance
(subject 75% +)
moderate assistance
(subject 50% +)

maximal assistance
(subject 25% +)
total assistance
(subject 0% +)
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