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Introduction: Two widely used outcome measures to 
assess functioning in neurological rehabilitation are 
the Functional Independence Measure (FIM™) and 
the Barthel Index. The current study aims to esta-
blish the equivalence of the total score of the FIM™ 
motor scale and the Barthel Index through the appli-
cation of the International Classification of Functio-
ning, Disability and Health, and Rasch measurement 
theory.
Methods: Secondary analysis of a large sample of pa-
tients with stroke, spinal cord injury, and multiple 
sclerosis, undergoing rehabilitation was conducted. 
All patients were assessed at the same time on both 
the FIM™ and the Barthel Index. The International 
Classification of Functioning, Disability and Health 
Linking Rules were used to establish conceptual 
equivalence between the 2 scales, and the Rasch 
measurement model to establish an exchange of the 
total scores. 
Results: Items from both scales were linked to the 
International Classification of Functioning, Disabi-
lity and Health d4 Mobility or d5 Self-care chapters. 
Their co-calibration satisfied the assumptions of the 
Rasch model for each of 3 diagnostic groups. A cei-
ling effect was observed for the Barthel Index when 
contrasted against the FIM™ motor scale.
Conclusion: Having a Rasch interval metric to trans-
form scores between the FIM™ motor scale and 
Barthel Index is valuable for monitoring functio-
ning, meta-analysis, quality audits and hospital 
benchmarking. 
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assessment; comparability; functional status; Barthel Index; 
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The presence of chronic diseases, together with the 
ageing of the world’s population, is leading to a 

substantial increase in the numbers of individuals living 
with the sequelae of disease and injury (1). Following 

an initial acute episode, or in long-term management, 
rehabilitation is the strategy to reduce the burden upon 
the individual, their families and the health and social 
care support systems. Consequently, measurement of 
the sequelae becomes crucial for clinical management, 
evaluating the effectiveness of rehabilitation program-
mes, and the long-term impact on people’s functioning 
(2, 3). For service provision, information on functio-
ning is also crucial in order to optimize allocation of 
resources (4, 5). On the level of policy and programmes, 
such information is fundamental to be able to respond 
most accurately to the needs of people experiencing 
limitations in their functioning (6).

In a study of a population aged 65 years and over 
in the UK, 39% of 2,273 people reported problems 
with mobility, and 9% with self-care. Neurological 
disorders, along with osteoarthritis and depression, 
were shown to have a significant impact on functioning 
(7). In the context of the rehabilitation of neurological 
disorders, 2 of the most widely used outcome measures 
to assess functioning are the Functional Independence 
Measure (FIM™) and the Barthel Index (BI) (8–11). 
Both scales measure the level of independence in ac-
tivities of daily living and are used to inform decision-
making at all levels of the health system. Research 
has compared the psychometric properties of each 
scale in order to identify the similarities, strengths 
and limitations of both measures (9, 12–15). Occa-
sionally a ceiling effect has been reported for the BI 
upon admission to rehabilitation (10, 16). Comparable 
results were revealed regarding the responsiveness of 
the scales (17). For both scales, issues with local de-
pendency of items have been identified, based on the 
Rasch measurement model (18, 19). Current patterns of 
using either the FIM™ or BI indicate that the former is 
more likely to be used in North America, whereas the 
latter is more likely to be used in Europe (20). 

This existing knowledge is informative for deciding 
which measure to use in a given setting. However, un-
less the scores of these 2 scales are directly comparable, 
comparability across people, research studies, and set-
tings, locally, nationally and internationally, becomes 
challenging in practice and research. Only 3 studies 
have been conducted so far that have attempted to 

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2225&domain=pdf
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417Score equivalence of FIMTM motor scale and BI

establish comparability of the 2 scales (21–23). Nyein 
et al. (21), using expert opinion to establish conversion 
criteria and validate those with correlations and kappa 
statistics, and Gosman-Hedström & Svensson (22), 
using the rank-invariant method for parallel reliability, 
provided algorithms to transform the score of 1 scale 
into a score of the other scale based on item-specific 
scores rather than on the total score of the scale. Such 
an algorithm requires having the detailed item-specific 
scores on hand. Challenges have been identified with 
respect to this item-to-item transformation, namely 
that the BI contained 10 items and required extending 
to a 13-item version for comparability. Not only may 
such transformation introduce bias, the algorithm also 
limits comparability, since on the individual level (e.g. 
discharge report) and population level (e.g. clinical tri-
als and hospital statistics) often only the total score of a 
scale is reported, rather than an item-by-item specifica-
tion. Hong et al. (23) used a common person equating 
design based on the Rasch model. Their study resulted 
in transformation tables between FIM™ motor scale 
and BI for 3 respective constructs, self-care, mobility 
and involuntary movement. The transformation tables 
provided by Hong et al. (23) do not require an item-
to-item transformation; however, they deconstructed 
the original total score scaling structure of the FIM™ 
motor scale and BI into 3 constructs, each with its 
distinct transformation table. Since most studies report 
only the FIM™ motor scale and BI total score, such 
a transformation table is of limited use. Thus, the aim 
of the current study is to establish the equivalence of 
the total score of the FIM™ motor scale and the BI 
through the application of the International Classifica-
tion of Functioning, Disability and Health (ICF) as a 
universal reference system for functioning, and Rasch 
measurement theory.

METHODS 
A psychometric study was conducted using secondary analysis 
of data collected for routine healthcare purposes in a large 
rehabilitation service in the north of England. 

Sample 

Data were collected from patients discharged from an inpatient 
regional rehabilitation unit in a UK National Health Service 
(NHS) hospital. All patients had an acquired neurological condi-
tion and were over 16 years old. All patients were participating 
in an inpatient, goal-orientated, multidisciplinary rehabilitation 
programme.

Measures 

The FIM™ contains 13 items on motor tasks, all rated on a 
7-point ordinal scale with higher scores indicating more inde-
pendence (24). The BI encompasses 10 items on motor tasks 

rated on a weighted ordinal scale with lower scores indicating 
more need for assistance to complete each activity (25). Various 
versions of the BI exist with different rating scales. In this study, 
the original Barthel Index scored 0–20 has been used (26). 
Both scales have been used mainly in neurological rehabilita-
tion, including patients with stroke and brain injury, as well as 
geriatric rehabilitation (11). 

Data collection

Data were extracted from a database of outcome measures 
recorded prospectively during patients’ stays on the unit. The 
FIM™ and the BI were each scored by members of the multi-
disciplinary rehabilitation team within 3 days of admission to 
the unit and in the 2 days prior to the patients’ discharge from 
the unit. This form of data collection enabled a common person 
equating design for the analysis below. That is, each person was 
assessed on both scales over a relatively short period of time, 
such that, from a clinical perspective, they can be considered 
equivalent for time of assessment. 

This project was reviewed by the Local NHS Research Ethics 
Committee and deemed not to require ethical approval.

Data analysis

To establish the comparability of existing scales, 2 factors are 
important (27). First, the existing scales need to be linked to a 
universal reference system to examine their conceptual equiva-
lence. For this purpose, we used the ICF, which is the standard 
recommended by the World Health Organization (WHO) to 
describe health and disability of individuals and populations, and 
therefore provides an internationally agreed upon language and 
structure (28). The ICF Linking Rules (29), an established met-
hod to link existing scales to the ICF, were applied. The linking 
is conducted by 2 researchers independently. They then contrast 
and compare the results and consult a third researcher in case 
of ambiguity. The evidence that scales measure the same trait 
is fundamental for scale equating (30), whereby the evidence of 
conceptual equivalence is a necessary first step in the process. 

Secondly, to achieve an exchange between scores, a mea-
surement framework needs to be applied that fulfils the requi-
rements of fundamental measurement such that the raw score 
is a sufficient statistic, meaning that the raw score has all the 
information needed to identify the ability of a person on a 
given attribute, and numbers can be conjoint (31). The Rasch 
measurement model meets these requirements constituting 
a probabilistic form of fundamental measurement. Thus, the 
Rasch model allows transforming ordinal level data, which 
results from any questionnaires with a rating scale, into an in-
terval level estimate. A specific analytical design was employed 
using the Rasch framework with 2 notably features: the single 
group design giving rise to a common person equating process 
(32); and a testlet design whereby the total scores of the scales 
are equated directly, rather than the scores of their constituting 
items. Given that the FIMTM and the BI share nearly identical 
items, albeit in a different response format, the approach has the 
advantage of taking into account any local dependency within 
item sets (30). Local independency is an important assumption 
underpinning to the Rasch model, but applies to any instance 
where items are summed up, and implies that given the latent 
trait, there are no residual correlations between any 2 items. 
Previous research on, for example, the FIMTM motor scale has 
indicated that it violates the assumption of local dependency; 
however, once this issue is accounted for, the scale fits the as-
sumptions of the Rasch model (33). 

J Rehabil Med 49, 2017
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418 B. Prodinger et al.

Thus the Rasch model was applied to 2 testlets, one for each 
scale, for items showing conceptual equivalence based on the 
results of the ICF linkings, in an iterative process to test the 
model’s assumptions of invariance and unidimensionality. 
Invariance indicates that 2 persons with the same ability yet 
different personal characteristics, e.g. male and female or 
stroke and multiple sclerosis, have the same probability of 
achieving a given score on the scale, thus, the scale is not 
biased towards one group. A scale is unidimensional if all 
items measure the same underlying construct. RUMM2030 
software was used in this study (34). With this software there 
is the additional advantage to the design through providing 
a conditional χ2 test of fit for the testlets, interpreted in the 
normal way (i.e. a non-significant χ2 indicates fit of the data 
to the model expectations) (30). Full details of the iterative 
approach applied are given elsewhere, and ideal indicators for 
each assumption are given at the bottom of the fit table (35). 
Tests for differential item functioning (DIF) were made for 
gender, age, and health condition (36).

RESULTS 

Sample 
A total of 2,414 anonymous assessments were av-
ailable across 3 diagnostic groups; stroke (n = 644), 
spinal cord injury (SCI; n = 534) and multiple sclerosis 
(MS; n = 1,236). The age and gender distribution by 
diagnostic group is shown in Table I. 

Conceptual equivalence of the FIM™ and Barthel 
Index 
The content comparison of the FIM™ and BI revealed 
that the motor tasks of both scales capture domains 
related to d4 Mobility and d5 Self-care, as shown in 
Table II. Thus, we examined total score equivalence 
for the FIM™ motor tasks and the BI. 

Equivalence of the FIM™ Motor Scale and Barthel 
Index 
Fit of the data to the Rasch model (i.e. presented as 2 
total scores) was good for all 3 diagnostic groups (Table 
III). No DIF was observed for age and gender, and the 
combined scales formed a strictly unidimensional data 
set within each diagnostic group. When diagnostic 

Table I. Age and gender distribution by health condition

Stroke, n = 644
Spinal cord injury, 
n = 534

Multiple sclerosis, 
n = 1,236

Male 
n (%)

Female
n (%)

Male 
n (%)

Female 
n (%)

Male
n (%)

Female
n (%)

Total 382 (59) 262 (41) 300 (56) 234 (44) 414 (33) 822 (67)
Age,            
< 48 years 96 (25) 120 (46) 102 (34) 106 (45) 246 (59) 506 (62)
≥ 48 years 286 (75) 142 (54) 198 (66) 128 (55) 168 (41) 316 (38)

Table II. Linking of FIM™ motor scale and Barthel Index to the International Classification of Functioning, Disability and Health (ICF) 

ICF Codes FIMTM Barthel Index

d4 Mobility
d410 Changing a basic body position Transfers: bed, chair, wheelchair 

Moving from wheelchair to bed and return (includes sitting up in bed)
Transfers: tub or shower

d420 Transferring oneself Transfer: toilet  
d450 Walking (d465 Moving around using equipment) Walking or using wheelchair Walking on level surface (or if unable to walk, propel wheelchair)
d455 Moving around Stairs Ascend and descend stairs

d5 Self-care
d5 Self-care Grooming Grooming
d510 Washing oneself Bathing Bathing self
d530 Toileting Toileting Personal toilet 

Bladder management Getting on and off toilet
Bowel management Controlling bowels
  Controlling bladder

d540 Dressing Dressing: Upper body Dressing 
Dressing: Lower body  

d550 Eating Feeding Feeding
d560 Drinking Feeding Feeding

Table III. Fit of data (in 2-testlet form) to the polytomous Rasch model

Health condition Conditional test-of-fit χ2 DF p-value Person separation index
Unidimensionality
Significant t-tests %

% Variance
In latent estimate

Stroke 34.6 84 1.0 0.97 1.29 100
Spinal cord injury 45.8 86 0.999 0.96 0.77 100
Multiple sclerosis 71.2 88 0.904 0.94 0.41 99
Ideal values > 0.05 > 0.90a < 5.0 > 90
afor high stakes clinical use. DF: degree of freedom.

www.medicaljournals.se/jrm
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419Score equivalence of FIMTM motor scale and BI

groups were merged, no DIF was observed, but a slight 
variation in the threshold patterns across diagnostic 
groups suggested the need for diagnostic-specific 
transformations of raw score to interval scale metric. 
The latent estimates so derived from the analysis ac-
counted for virtually all the non-error variance in the 
data. The graphical fit to the model for the total sample 
is shown in Fig. 1. 

The equating process allows for making the ex-
change between the scales, and the diagnostic-specific 
transformation table, as presented in Table IV. The 
FIM™ motor scale raw score is presented in its usual 
13–91 format. There is a slight floor effect and a more 
substantial ceiling effect evident, as the BI does not 
have the same operational range as the FIM™ motor 
scale. With the FIM™ motor scale to BI, patients will 
begin to gain points before any movement is registe-
red on the BI (rounded), although only marginally so. 
However, at higher levels of independence, the FIM™ 
motor scale will continue to gain points within each 
diagnostic group well beyond the ceiling of the BI. 

DISCUSSION

This study examined conceptual equivalence and 
metric equivalence between the FIM™ motor scale 
and the BI in order to derive a transformation table 
between the total scores of the 2 scales. Conceptual 
equivalence was confirmed by indexing the respective 
items to the ICF, showing that each scale constituted 
items from the ICF Mobility and Self-care chapters. 
The analytical approach adopted, using a common 
person equating design and requiring the raw score as 
a sufficient statistic, was to present the total scale score 

of each scale as an “item” to assess fit to 
the Rasch measurement model (30). Data 
from each diagnostic group was shown to 
have good fit to model expectations, and 
was free of DIF for age and gender. The 
equating of the 2 scales showed that the 
FIM™ motor scale had a wider operatio-
nal range than the BI; the latter showed 
a distinct ceiling effect when contrasted 
with the former. 

Given the widespread use of these sca-
les across all levels of the health system, 
having a valid and useable (i.e. with just 
the total scores) exchange will facilitate 
comparison of clinical outcomes and 
research results, previously constrained 
due to the use of different scales. Further-
more, information collected with either 
the FIM™ motor scale and BI can be 
aggregated for secondary purposes, such 

as quality audits, hospital benchmarking, or clinical 
research including meta-analyses. Using the ICF as 
a common conceptual framework for establishing 
comparability between the FIM™ motor scale and BI 
also enables users to be compliant with international 
standards for quality management in healthcare (EN 
ISO 9001: 2008) (37) and eHealth architectures (PD 
ISO/TR 14639-2: 2014) (38) in the future, since these 
standards suggest explicitly the use of the ICF as con-
ceptual framework and common terminology. 

While both methods, the ICF Linking Rules and 
the Rasch measurement model, have been used re-
spectively, this study shows that these methods are 
complementary and enable harmonization of existing 
scales when using them in such a manner. The results 
of the ICF linking enables content comparison of any 
scales compared and thus, provides a valuable con-
ceptual foundation for deciding which (sub-)scales 
are meaningful to be co-calibrated. The Rasch mea-
surement model specifies a priori requirements, which 
are consistent with fundamental measurement (39); 
thus, once the data satisfies the model’s expectations, 
an interval-scale metric results which can be used for 
providing the basis of exchange scores, as well as 
monitoring functioning of individuals and populations 
over time (40).

It is worth mentioning that previous researchers have 
linked the items of the FIM™ and BI related to Bladder 
and Bowel management to the ICF categories b620 
Urination functions and b525 Defecation functions (8). 
We decided to link the items to d530 Toileting, which 
refers to Activities & Participation (d component) in 
the ICF, and indicates a limitation in performing the 
activity irrespective of whether there is an impairment 

Fig. 1. Graphical fit of total sample data to the Rasch model for each scale. The mean score 
within class interval (i.e. 10 groups of patients with increasing levels of independence) 
are presented by dots and the model expectation by the curve. It can be seen that for 
each scale (Barthel Index (BI) range 0–20; FIM™ motor scale range 0–78 [or 13–91]) 
the mean scores within the total sample sit perfectly on the expected curve. The units 
of the scale are presented in logits (x-axis; each logit increases the odds of achieving 
a particular score by 2.716). This figure, including its formatting and layout, is taken 
directly from RUMM2030. ST01: FIM™ motor scale; ST02: Barthel Index (BI).
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420 B. Prodinger et al.

of function. The linking to body functions (b com-
ponent) would imply that the items are assessing an 
impairment of body functions, but since the items are 
then summed up with other items into a score of (in-) 
dependency, we considered the linking to limitations 
in activities most appropriate. The strict unidimensio-
nality observed when the 2 scales were co-calibrated 
suggested that this approach was appropriate. 

The transformation table (Table III) indicates that the 
FIM™ motor scale has a broader operational range, 
particularly at the upper end of independence. Thus, 
when applying the transformation table, one gets to a 
certain point on the FIM™ motor scale where every 
point thereafter remains a 20 on the BI. This finding 
could be reflective of the previously reported ceiling 
effect of the BI (10, 13, 18). Previous studies to derive 
a transformation between the FIM™ motor scale and 
BI on the item-to-item analysis (21, 22) or sub-scale 
scores (23) rather than the total scores, would not have 
addressed this issue. However, based on the results of 

this study, it becomes obvious that if, on admission, 
a patient is at the ceiling of the BI, there would be 
relatively little room for improvement on the FIM™ 
motor scale either. However, the FIM™ motor scale 
does reach higher levels of independence, and the 
choice of scale needs to be made with this in mind. 

Study limitations
The limitations of this study are consistent with the 
use of secondary analysis of existing data sets where 
no control is possible over the initial data collected. 
Thus, DIF factors were restricted to just age, gender, 
and health condition. No knowledge was available 
about when assessments were made, e.g. admission 
or discharge, throughout the rehabilitation process; 
thus we were unable to address any issues related to 
the comparative responsiveness to change. It is also 
worth mentioning that, beyond the differences found 
in this study, for the FIMTM a formal training across 
countries on how to use the scale is in place, unlike the 

Table IV. Transformation between Functional Independence Measure (FIM™) motor scale and Barthel Index (BI)

Raw score 

FIM™ motor scale to BI

Raw score 

FIM™ motor scale to BI contd.

Raw score

BI to FIM™ motor scale

Stroke SCI MS Stroke SCI MS Stroke SCI MS

13 0 0 0 53 10 9 9 0 13 13 13
14 0 0 0 54 10 9 9 1 16 17 16
15 0 0 0 55 10 9 9 2 19 19 20
16 1 0 1 56 11 10 10 3 22 21 24
17 1 1 1 57 11 10 10 4 26 23 27
18 1 1 1 58 11 10 10 5 29 26 31
19 2 2 1 59 11 10 10 6 33 28 35
20 2 2 2 60 12 10 11 7 38 33 40
21 2 3 2 61 12 11 11 8 43 39 46
22 3 3 2 62 12 11 11 9 48 49 52
23 3 4 2 63 13 11 12 10 52 56 56
24 3 4 3 64 13 12 12 11 56 61 60
25 3 4 3 65 13 12 12 12 60 64 63
26 4 5 3 66 13 12 13 13 63 67 66
27 4 5 4 67 14 13 13 14 67 70 68
28 4 6 4 68 14 13 14 15 70 72 70
29 5 6 4 69 14 13 14 16 73 74 72
30 5 6 4 70 15 14 15 17 76 76 74
31 5 6 5 71 15 14 15 18 79 79 77
32 5 6 5 72 15 15 16 19 82 81 80
33 6 7 5 73 16 15 16 20 85 84 83
34 6 7 5 74 16 16 17  
35 6 7 6 75 16 16 17  
36 6 7 6 76 17 17 17  
37 6 7 6 77 17 17 18  
38 7 7 6 78 17 17 18  
39 7 8 6 79 18 18 18  
40 7 8 7 80 18 18 19  
41 7 8 7 81 18 19 19  
42 7 8 7 82 19 19 19  

43 8 8 7 83 19 19 20  

44 8 8 7 84 19 20 20  
45 8 8 7 85 20 20 20  
46 8 8 8 86 20 20 20  
47 8 8 8 87 20 20 20  
48 9 8 8 88 20 20 20  
49 9 9 8 89 20 20 20  
50 9 9 8 90 20 20 20  
51 9 9 8 91 20 20 20  
52 10 9 9  

SCI: spinal cord injury; MS: multiple sclerosis. 

www.medicaljournals.se/jrm
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421Score equivalence of FIMTM motor scale and BI

BI. Nevertheless, also for the BI, scoring guidelines 
exist that stress that it should be recorded what a per-
son does rather than what a person can do and that the 
frame of reference is the past 24–48 h, and occasionally 
longer periods (41). 

Conclusion 
This study provides evidence that the scores from the 
FIM™ motor scale and the BI can be reliably transfor-
med from one scale to another. The integration of the 
ICF Linking Rules and the Rasch measurement model 
serves as the methodological foundation for this pur-
pose. Being able to compare scores derived from diffe-
rent scales directly and consistently is most valuable for 
clinical practice and research, including meta-analysis. 
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