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Objective: To develop a short version of the motor Functional

Independence Measure (FIMTM) for use in long-term care

settings.

Participants: For model construction, the participants were

398 community-dwelling persons with disability (mean age

79.3 years (SD 10.3)) who were receiving visiting nurse

services. For cross-validation, 169 patients with stroke

(mean age 78.0 years (SD 11.2)) in the chronic phase and

187 patients with stroke (mean age 63.4 years (SD 12.7)) in

the recovery phase.

Design: Model construction and cross-validation study.

Main outcome measures: The second power of correlation

coefficient (R2) was used for agreement analysis between the

short and the full version. Cross-validation of the models was

estimated with the intraclass correlation coefficient (ICC).

Results: Five to 7 motor FIMTM items were selected for the

models based on Rasch calibration and consideration of

internal consistency. Total motor FIMTM was estimated with

the 6-item and 7-item models with regression analysis, which

yielded high correlations with the original 13-item motor

FIMTM score (R2�/0.95). Regression formulas derived from

the models could estimate total motor FIMTM scores accu-

rately in the 2 cross-validation samples (ICC�/0.98).

Conclusion: The short version of the motor FIMTM developed

is a useful measure of functional status, not only in long-term

care but in the recovery phase rehabilitation settings.
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INTRODUCTION

With ageing societies, the number of persons who are in need of

care is increasing. In Japan, together with health insurance

plans that cover acute and recovery phase rehabilitation

services, a nation-wide public insurance program called the

Public Long Term Care Insurance Program was started in 2000

to cover care and rehabilitation needs after completion of active

medical treatment (1). To ensure consistency and continuity of

care, it is important for health professionals involved at various

phases to have a common language to describe functioning of

the patients.

In medical rehabilitation, the Functional Independence

Measure (FIMTM) is widely used to document patients’ func-

tional status and its changes (2). The FIMTM includes 13 motor

and 5 cognitive items, and the scoring ranges from 1 (complete

dependence) to 7 (complete independence). Originally devel-

oped as a unified instrument to evaluate disabilities as a part of

a large rehabilitation database called the Uniform Data System

for Medical Rehabilitation (UDSMR) (3), it has been shown to

be a reliable, valid, practical and responsive instrument to

describe functional status at admission, discharge and follow-up

for various disabilities (4�/7).

Despite its established usefulness in inpatient rehabilitation

settings, the FIMTM has the following limitations when used in

long-term care settings: (i) it may not be adequate for assessing

outpatient rehabilitation outcomes due to the higher levels of

functioning and additional areas and domains of importance

seen in the outpatient settings (8); (ii) although post-discharge

follow-up FIMTM scores are typically obtained by telephone or

in-person interview (9), the reliability and validity of the FIMTM

in subacute and home health settings have not been well

established (6), especially for the cognitive subscale (10); (iii) it

is often difficult to carry out full assessment with the FIMTM at

home where time is limited for the raters, because it takes

approximately 20�/30 minutes to complete even for trained

assessors (11, 12); (iv) it is often necessary to obtain information

from family members to get a complete picture of a person’s

activities of daily living, and it can be time-consuming to

interview carers, especially when they are themselves aged; (v) it

is costly and time-consuming to train visiting nurses and carers

who are not familiar with the FIMTM reliably to assess the full

version of the FIMTM.

Thus it has not been practical to use the FIMTM in long-term

care. In the USA, the Minimum Data Set (MDS) (13) has been

used widely in nursing homes, and an attempt has been made to

bridge the gap between acute rehabilitation and long-term care

by developing a pseudo-FIM by selecting and re-scaling 12

items from the MDS that corresponded to the FIMTM items

(14). However, the MDS is not widely used in Japan, and no

studies are available examining reliability and validity of the

pseudo-FIM among the Japanese population. Although 2

studies are reported describing short versions of the FIMTM, 1
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for acute trauma care (15) and the other for spinal cord injury

(16), no attempt has yet been made to develop one for use in

long-term care settings.

Because disability assessment is indispensable for planning

care services, predicting outcomes and tracking changes in

functional status, there is a strong need for a standardized

common scale that can be used practically in long-term care in

continuity with acute and recovery phase rehabilitation. The

purpose of this study is therefore to develop and cross-validate a

minimum set of the FIMTM motor items that can reliably and

accurately estimate total motor FIMTM scores in long-term care

settings.

METHODS

Although the FIMTM consists of 13 motor and 5 cognitive items, we used

only the 13 motor items because: (i) it is known with Rasch analysis (17)

that the FIMTM conforms to a unidimensional model if the motor and

cognitive subscales are analysed separately (6); (ii) somewhat lower test-

retest reliability is reported for the cognitive items than for the motor

items in aged persons living in the community (10); (iii) a higher degree

of experience is necessary reliably to assess cognitive function with the

FIMTM (9, 10). Thus we excluded cognitive items to simplify model

construction. We did not consider reducing the number of categories for

scaling, because this would make the instrument less responsive to

changes. We intended to make the assessment less laborious and more

practical to administer in long-term care settings by reducing the

number of items.

This study involved the following 3 steps: (i) construction of 3 models

consisting of 5�/7 motor FIMTM items by analysing the structure of

functional status of community-dwelling people with disability and

selecting proper items from the 13 motor FIMTM items; (ii) analysis of

the performance of the above model subsets to predict the original

13-item motor FIMTM; (iii) cross-validation of the models by applying

them to different samples.

Participants

For model building, we originally recruited 1710 community-dwelling

elderly persons who were receiving visiting nurse services covered by the

Public Long-term Care Insurance Program from 32 visiting nurse service

stations (11 in Tokyo, 3 in Sendai and the remaining 18 stations in

Hokkaido, Kanto, Tokai and Kansai areas) belonging to a same

provider group (SECOM Co. Ltd). This was because the services

provided were more standardized across the stations and it was easier

to assure uniformity of assessment through periodic training sessions. A

total of 127 visiting nurses belonging to these stations, who had been

well trained in the FIMTM assessment in advance, collected FIMTM data

about their clients from December 2003 to January 2004. The Japanese

version of the FIMTM has culturally relevant modifications for some of

the items. The principal modification is in eating. Use of a spoon instead

of chopsticks does not lower the score (18). Before data collection, the

purpose and procedures were explained to the clients and their family

carers, and written informed consent was obtained. After excluding

patients who refused to participate in the study (1174) and patients

receiving terminal care (80), 456 patients were enrolled (group M).

Among them, 58 patients were excluded because of incomplete data, and

the final sample comprised 398 patients (168 men and 230 women) with

a mean age of 79.3 (SD 10.3) years and mean length of service period of

514.5 (SD 404.5) days (median 440 days). Among them, 256 patients

suffered from stroke, 132 from diseases of internal organs, such as

chronic heart failure or diabetes, and 93 from bone and joint diseases

(duplicates permitted).

For cross-validation of the model developed, we used data from 2

samples of patients with stroke. One was a group of patients in long-term

care settings (group L). Trained rehabilitation professionals assessed the

FIMTM cross-sectionally in 169 patients recruited from 6 participating

institutions including 1 long-term care hospital ward, 1 general ward, 2

visiting rehabilitation service facilities and 2 health service facilities for

the elderly (68 men, mean age 78.0 (SD 11.2) years, mean duration of

stroke 1337.2 (SD 1491.9) days (median 843 days)). There were 122 with

cerebral infarction, 37 with cerebral haemorrhage and 10 with sub-

arachnoid haemorrhage. Fifty-six patients had right brain damage, 61

had left brain damage and 52 had bilateral or multiple lesions. The

second sample consisted of patients with stroke hospitalized for recovery

phase rehabilitation. The admission (group A) and discharge (group D)

FIMTM data of 187 consecutive patients (98 males) admitted to

Tsukigase Rehabilitation Center, one of the affiliated hospitals of Keio

University, from May 1998 to August 2001 were available as a part of a

structured rehabilitation database, and these data were used for analysis.

The mean age of the patients was 63.4 (SD 12.7) years, the mean time

from onset to admission was 44.19/ (SD 23.4) days (median 42 days),

and mean length of stay was 99.1 (SD 52.6) days (median 95 days). One

hundred suffered from cerebral infarction, 75 from cerebral haemor-

rhage and 12 from subarachnoid haemorrhage. Eighty-two patients had

right brain damage, 88 had left, 5 had brainstem and 12 had bilateral or

multiple lesions.

Model building

To reduce the number of motor FIMTM items, we selected 5�/7 items

based on a statistical approach and clinical judgement. Because it is

important for a good instrument to have its item difficulty spread at

equal intervals, we performed Rasch analysis using the data obtained

from the model-constructing sample to evaluate item difficulty levels. As

a result of this calibration, we thinned out items shown to have closer

difficulty levels. Rasch analysis is a specific item-response theory

technique to investigate the difficulty level of items included in a scale

(19). An output parameter of Rasch calibration called ‘‘logit’’, which is

allocated to scale items and individual subjects, means the relative

difficulty level among them. Ideally, the separation gap between each

item is 0.15 logits or more (20). Including both extremes of the difficulty

levels, we selected 5 items whose logit values were close to the ideally

separated points so as to ensure maximum distribution. For items

exhibiting similar difficulty levels, we selected items for the model based

on our clinical judgement of their importance in rehabilitation practice.

Next, we added 1 or 2 items to the 5-item subset to reinforce internal

consistency based on consideration of the 4 subcategories of the motor

FIMTM items (i.e. self-care, sphincter control, mobility, locomotion).

Thus, 3 subsets consisting of 5�/7 items were constructed.

Analysis of agreement between the 13-item motor FIMTM and the short

subsets

To investigate agreement between the 13-item motor FIMTM and the

short subsets, we used multivariate regression analysis and secondary

Rasch calibration.

Regression analysis. The 13-item motor FIMTM scores (range 13�/91

points) were estimated from the 5�/7-item subset scores using multi-

variate regression analysis (21). The dependent variable in the equation

was the actually measured 13-item motor FIMTM score and the

independent variables were individual 5�/7 item subset scores. We

calculated coefficient of determination (R2) as an index of agreement

between the original simple summation of the 13 items and the estimated

total score.

Secondary Rasch calibration . Although summation of item scores has

been widely used for research and clinical practice, this is not

theoretically adequate because the FIMTM is essentially an ordinary

scale. To avoid this theoretical contradiction inherent in the regression

approach, we used an additional method to estimate total motor FIMTM

score by converting it into an interval scale. Using 5�/7-item scores, we

performed secondary Rasch calibration to derive individual logit score.

The logit score reflects the relative level of functional independence in

the group and can be adjusted to optimal point scale linearly, and

handled as an interval scale (20). We reconstructed the 13�/91 point

interval scale from logit scores for comprehensive and easy comparison

with the regression approach. Correlation coefficient (R) between

reconstructed score derived from ‘‘primary’’ full 13-item and ‘‘second-

ary’’ limited-number-item Rasch calibrations in the same subject was

calculated. To compare the accuracy of the 2 methods of estimation, the

second power of correlation coefficient (R2’) was raised.
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Cross-validation studies

For cross-validation, the performance of the models developed was

evaluated in the long-term care sample (group L) and the admission and

discharge data of the recovery phase rehabilitation sample (group A and

D). Total FIMTM score was estimated from the 5�/7 item scores for each

regression formulas derived from the model-constructing sample. Rasch

calibration for subset score was performed to estimate total FIMTM score

in the same way as model building agreement analysis. Reliability of the

subsets was assessed by calculating intraclass correlation coefficients

(ICC 3.1) (22).

Statistics

We performed Rasch calibration using a statistical software BIG-

STEPSTR (version 2.82 for DOS). ICC was figured out with a macro

function written by one of the authors (SY) for ExcelTR (version 2002

for WindowsTR). Other statistical calculations including regression

analysis were performed with StatviewTR (version 5.0 for WindowsTR).

RESULTS

The characteristics of our samples are listed in Table I. The

mean age of the patients for model construction was higher

than those of the stroke patients in the recovery phase

(ANOVA, p B/0.001). The total motor FIMTM score was lower

for this sample (p B/0.001). Differences in age and total FIMTM

score between the model construction sample and the long-term

care sample were not significant. Patients with stroke in the

recovery phase were younger (p B/0.001) and total motor

FIMTM score improved by approximately 6 points during

inpatient rehabilitation.

Table II shows the results of primary Rasch calibration. The

13 motor FIMTM items were ordered according to their logit

scores. Items at the negative end of the scale were considered

‘‘easier’’ and items at the positive end were regarded as more

‘‘difficult’’. ‘‘Feeding’’ was the easiest (�/0.58 logits) and

‘‘Stairs’’ was the most difficult item (0.65 logits) for the model

construction sample. The difficulty pattern corresponded to

that observed in our previous study (18). Each item fitted to the

Rasch model acceptably except bladder and bowel management

items whose mean squares were more than 1.3.

The result of item selection for the subsets is illustrated in

Fig. 1. Five items (Feeding, Bathing, Dressing lower-body, Bed/

Chair/Wheelchair transfer, Stairs), which were located closely to

the ideal distribution represented by 5 lines dividing logit range

equally, were selected. ‘‘Grooming’’ and ‘‘Dressing upper-body’’

were excluded because carers had a tendency to help with these

activities to save time. ‘‘Toilet transfer’’ was omitted because it

depended considerably on circumstances in homecare settings in

Japan. We added ‘‘Bladder management’’ to the above 5-item

subset to cover the sphincter subcategory. Considering the

clinical importance of locomotive function, ‘‘Walking/Wheel-

chair’’ was adopted for the 7-item subset. For this item,

although walking and wheelchair abilities were assessed sepa-

rately, we adopted either of the more commonly used ones

for the patient as the final score following the UDSMR

guideline (3).

The results of total score estimation are illustrated in Fig. 2.

The subsets fit the regression model excellently (Fig. 2(a)).

Multi-colinearity was not observed. Maximum correlation

coefficient between variables was 0.90 (between 13 item total

and Feeding), and the maximum variance inflation factor

derived from this figures was 5.263 (B/10). Analysis of variance

with the variables showed acceptable p values (B/0.001).

Regression analysis revealed that evaluation with 5 and more

motor FIMTM items could predict the total score accurately

(R2�/0.95). Scores derived from primary and secondary Rasch

calibrations indicated linear distribution (Fig. 2(b)). R2? was as

high as that derived from regression analysis with the 6-and-7

item subsets (R2?�/0.95). The 5-item subset had lower correla-

tion with the original estimation compared with other subsets

(R2?�/0.927).

The results of cross-validation studies are summarized in

Table III. The subsets estimated total motor FIMTM scores

accurately in the 2 cross-validation samples, particularly those

derived from regression adjustment (ICC�/0.98). In general,

estimation with Rasch calibration tended to show lower ICC

values and the ICCs were higher with greater numbers of items.

DISCUSSION

Previous to this study, 2 other studies were available describing a

short version of the FIMTM. Mortifee et al. (15) reported a

limited version of the FIMTM for patients with acute trauma.

The set consisted of 3 items (Feeding, Walking, and 1 of the

cognitive items ‘‘Expression’’), and the scaling was simplified to

4 levels from the original 7 levels (7�/4, 6�/3, 5/4/3�/2, 2/1�/1).

However, the set had poor consistency with the original FIMTM

(ICC�/0.11) and was not useful practically. Dijkers & Yavuzer

(16) developed another short version of the motor FIMTM for

use in patients with spinal cord injury. They used 5 strategies to

reduce the number of the motor FIMTM items from 13 to 5�/7:

random, coefficient alpha maximization, spread across the

range of item difficulties, optimization by neurological category

and individual optimization. The best performance was

achieved by individual optimization 7-item subsets that selected

the best-fit 7 items according to the disability level of each

patient. The ICC between the estimated and the original data

was �/0.98, and they concluded that the short version based on

this algorithm approach was reliable and useful. However, there

are several drawbacks with this algorithm approach for

practical use in long-term care settings. First, the target

population is different. Stroke occupies a significant proportion

in long-term care instead of spinal cord injury. Secondly,

understanding of the rating system of all the 13 motor FIMTM

items is required to use the individual optimization 7-item

subsets, which renders their model less practical.

Our study is the first to develop a short version of the FIMTM

for use in long-term care settings. We demonstrated satisfactory

performance of the short subsets; the ICCs in our model were

as high as those of a previous study (16). The items included

in our model are fixed in contrast to the individual optimization

7-item subsets adopted by Dijker & Yavuzer (16) that require

selecting the best-fit 7 items according to the disability level
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Table I. Data for FIM items of the model construction and the cross-validation samples

Group M: model constructing L: long-term care A: recovery phase (admission) D: recovery phase (discharge)

n 398 (male 168, female 230) 169 (male 68, female 101) 187 (male 98, female 89) 187 (male 98, female 89)

Age* (years) 79.39/10.3 78.09/11.2 63.49/12.7 63.49/12.7

Motor FIM items Mean9/SD Median IQR Mean9/SD Median IQR Mean9/SD Median IQR Mean9/SD

Self-care
Feeding 4.18 (2.32) 5.00 2.50 4.94 (2.23) 5.00 1.50 5.34 (1.63) 5.00 1.00 6.02 (1.48)
Grooming 3.48 (2.50) 2.00 2.50 3.88 (2.37) 4.00 2.50 5.04 (1.98) 5.00 1.50 5.86 (1.81)
Bathing 3.29 (1.85) 3.00 1.88 2.81 (2.14) 2.00 1.50 3.11 (1.82) 3.00 1.50 4.46 (2.08)
Dressing upper body 3.29 (2.26) 3.00 2.00 3.36 (2.23) 3.00 2.00 4.14 (2.34) 4.00 2.00 5.55 (2.04)
Dressing lower body 2.78 (2.29) 1.00 2.00 3.20 (2.28) 3.00 2.00 3.81 (2.42) 4.00 2.50 5.27 (2.23)
Toileting 3.36 (2.51) 2.00 2.50 3.51 (2.35) 3.00 2.50 3.86 (2.38) 4.00 2.50 5.24 (2.15)

Sphincter control
Bladder management 3.41 (2.40) 3.00 2.00 3.92 (2.59) 4.00 3.00 4.52 (2.50) 5.00 2.50 5.39 (2.23)
Bowel management 3.51 (2.37) 3.00 2.50 4.08 (2.51) 5.00 2.50 5.05 (2.21) 6.00 1.50 5.64 (1.84)

Mobility
Bed/Chair/Wheelchair transfer 3.78 (2.43) 4.00 2.50 4.00 (2.38) 5.00 2.50 4.37 (1.92) 5.00 1.50 5.57 (1.70)
Toilet transfer 3.68 (2.44) 3.00 2.50 3.85 (2.34) 4.00 2.50 4.34 (1.94) 5.00 1.50 5.49 (1.75)
Tub transfer 3.11 (2.29) 2.00 2.50 2.86 (2.02) 3.00 2.00 3.59 (1.79) 4.00 1.50 4.63 (1.84)
Walk/Wheelchair 2.95 (2.22) 2.00 2.00 3.90 (2.40) 5.00 2.50 2.69 (2.26) 1.00 2.00 5.27 (1.83)

Locomotion
Stairs 2.41 (2.00) 1.00 1.50 2.22 (1.82) 1.00 1.00 1.69 (1.75) 1.00 0.00 3.45 (2.45)

Total score* 43.2 (25.1) 39.00 23.00 46.5 (26.0) 49.00 26.00 51.5 (22.7) 5.00 1.00 67.9 (22.4)

IQR�/inter quartile range; SD�/standard deviation.
*: p B/0.001 ANOVA.
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of each patient. This renders it easier for the rater to master

and use the instrument, which is particularly beneficial in

home care settings where time for evaluation is limited.

Furthermore, the evaluation results can be easily converted to

13-item motor FIMTM scores using the Rasch model or the

regression formulae.

With the regression approach, total FIMTM score was

predicted accurately using only the 5-item score. Accuracy

of the estimation with Rasch calibration was lower than that

of the regression approach. Some concern remains regarding

the application of the Rasch model. In cases of extremely

dependent or independent persons, estimated FIMTM scores

using Rasch calibration become inaccurate because of its

theoretical feature (21). As shown in Fig. 2(b), both ends of

the plots tend to be out of the ideal linear distribution compared

with those of regression analysis. R2? for the 5-item estima-

tion was lower than 0.95. Judging from these observations, at

least 6 or more items seemed necessary to be able to

satisfactorily describe heterogeneity of patients. Although we

built a 7-item subset to secure higher consistency, no remarkable

difference was observed in the evaluation accuracy between the

6-item and the 7-item subsets. Therefore, we suggest the 6-item

subset as a practical solution (Feeding, Bathing, Dressing lower-

body, Bladder management, Bed/Chair/Wheelchair transfer,

Stairs).

The performance of the short subset was cross-validated in 2

independent samples, 1 with patients with mixed disabling

conditions in the chronic phase and the other with patients

with stroke in the recovery phase rehabilitation. In particular,

scores adjusted with Rasch calibration showed superior correla-

tion with those in the model building procedure. This was

presumably because the influence of the floor effect was

minimal in patients with stroke. Our model could therefore be

used to document functional status consistently from the

recovery phase to the community phase, and the regression

formula we described would be a great help to compare short

subset scores with the fully assessed 13-item scores. Rasch

calibration would be of use when a strict interpretation of

scaling is required.

There are several limitations in our study. Because we

could only obtain data from a small cluster of the people (398

of 1710 persons), the first limitation concerns with a possible

selection bias for the model-building sample. The relatively high

refusal rate could be explained partly by the fact that in Japan

there is still a tendency to hide persons with disability from

society, particularly among the aged population. The represen-

tativeness of the sample should therefore be interpreted with

caution.

Table II. Results of the 13-item Motor FIM Rasch Calibration

Item Logit value SE MNSQ

Stairs 0.65 0.05 1.24
Dressing lower body 0.37 0.04 0.69
Walking/Wheelchair 0.25 0.05 1.22
Tub transfer 0.14 0.04 0.80
Dressing upper body 0.02 0.04 0.92
Bathing 0.02 0.04 1.11
Toileting �/0.03 0.04 0.86
Bladder management �/0.06 0.05 1.36*
Grooming �/0.10 0.04 1.13
Bowel management �/0.13 0.05 1.48*
Toilet transfer �/0.24 0.04 0.59
Bed/chair/WC transfer �/0.31 0.04 0.63
Feeding �/0.58 0.04 0.99
Mean (SD) 0.00 (0.30) 0.04 (0.00) 1.00 (0.27)

SE�/standard error; SD�/standard deviation; MNSQ�/mean
square variance ratio statistic (infit).
*: Misfit �/1.3.
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Fig. 1. Spread of item weights and item selection. %: 5-item subset; ": additional item for 6-item subset; j: item adopted to 7-item subset; \:
others. Horizontal dotted lines divides range of logit score into 5 with equal intervals.
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Secondly, we did not examine the influence on the remaining

items of removing items when developing short subsets. When

some of the items in the original scale are no longer

administered, it can affect how the rater scores the remaining

items. In future studies, we need to examine validity and

reliability of the short versions per se.

Thirdly, the number of items (6) we recommended is not

necessarily minimum. Focusing on specific population may

make it possible further to reduce the number of items needed

for reliable estimation.

Finally, although we demonstrated that our model could be

used not only in the community phase but also in the recovery

phase of rehabilitation, our study was limited because of its

cross-sectional nature. In general, a shorter version is not

suitable for catching trivial changes, and we need to investigate

its responsiveness to changes over time in future longitudinal

studies.

Despite these limitations, we consider that the short version

of the motor FIMTM we developed is a simple and useful

measure of functional ability, not only in long-term care but

also in recovery phase rehabilitation settings. It is easier

to master and less time-consuming to administer than the

full version of the motor FIMTM. Based on an evaluation with

a common scale, more integrated rehabilitation interven-

tions from the acute to the community phase would become

possible.
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Fig. 2. Results of agreement analysis between the original 13-item motor FIM score and the estimated motor FIM score with the subsets.
Scatter plots depicting the relationship between the original 13-item motor FIM score and estimated total FIM score using the subset score.
A�/simple summation of 13 items and estimated total FIM score derived from regression formulas with 5 to 7 items; B�/total FIM scores
adjusted with 13 item and 5�/7 item Rasch calibration; R2�/coefficient of determination; R�/correlation coefficient; CI�/confidence interval;
R2?: 2nd power of correlation to coefficient.
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