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Abstract 
Objectives 

To compare Gross Motor Function Measure (GMFM), Gross 

Motor Function Classification System (GMFCS), Functional 

Independence Measure (FIM®), Manual Ability Classification 

System (MACS), and Ashworth scale in their ability to 

discriminate larger and smaller benefits of rehabilitation. 

Methods 

Retrospective cohort study. The 248 children with cerebral palsy 

participated in an intensive rehabilitation intervention. Scores 

were assessed at admission and discharge. 

Results 

GMFCS and MACS scores did not change. Ashworth scale and 

FIM improved evenly in almost every individual. There were 

positive changes in GMFM scores of 233 rehabilitants with 

median pre/post difference 3.8 (range 0.4 to 29.2) points. 

Conclusions 

While the Ashworth scale, FIM, GMFCS, and MACS may be 

valuable tools to assess level of functioning, they were not able to 

discriminate mild changes observable during a short 

rehabilitation intervention. Compared to these measures, the 

GMFM scale demonstrated greater responsiveness identifying 

such changes. 

 

Keywords:  

pediatric rehabilitation; icf; functioning; assessment 

 

 

INTRODUCTION 

 

Establishing standardised and sensitive scales to assess 

the success of rehabilitation amongst children with cerebral 

palsy (CP) is undoubtedly important in order to define 

realistic rehabilitation goals, measure the effectiveness of 

interventions, and to demonstrate the need for 

rehabilitation measures to policy makers. Different scales 

and frameworks have been suggested for this purpose. 

Some of them are clinical in nature and describe the 

severity of symptoms, e.g. Ashworth scale (1). Others 

focus on the level of functioning, such as the Gross Motor 

Function Measure (GMFM) and the Gross Motor Function 

Classification System (GMFCS) (2), the Functional 

Independence Measure (FIM®) (3), the Edinburgh Visual 

Gait Analysis Interval Testing (GAIT) (4), Physician 

Rating Scale (PRS) (5), the Manual Ability Classification 

System (MACS) (6), the Communication Function 

Classification System (CFCS) (7), and many others. Some 

of them, such as the FIM or Ashworth scale, have been 

developed for use in both adult and pediatric populations 

while others, such as the GMFM or MACS, were 

developed specifically for the pediatric population. The 

scales also differ in the areas of functioning to which they 

are applied. 

Previous studies have suggested that all of the above 

scales can be good indicators of functional improvement of 

children with CP during the rehabilitation process (8, 9). 

Earlier trials have compared some of these scales, found 

good correlation between them, and suggested that 

different scales should complement each other (10-13). 

However, previous research has also suggested that some 

of these scales may have some limitations depending on the 

specific area of functioning or the level of severity of 

impairment (1, 14). 

The purpose of this study was to compare the FIM, 

MACS, GMFM, GMFCS, and Ashworth scales in their 

ability to discriminate those children with CP who have 

experienced greater from lesser treatment benefit from 

rehabilitation intervention. 
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METHODS 

 

This was a retrospective cohort study All children with 

CP who entered a rehabilitation center for a three-week 

rehabilitation course between January 1stand July 31st, 

2015 were included. Each patient received botulinum toxin 

(Dysport®) injections into appropriately selected muscles 

as determined by the treating physician, followed by 

intensive physiotherapy, occupational therapy, speech and 

language therapy, and psychological support. The Ethics 

Committee of the Rehabilitation Center approved the 

study. 

Clinical Outcome Measurement Scales 

FIM is an 18-item, 7-level ordinal scale, with ‘1’ 

indicating dependence and ‘7’ indicating independence in 

functioning. FIM covers both motor and cognitive aspects 

of functioning with a maximum total score of 128. The 

minimal clinically significant difference (MCID) has 

previously been suggested to be approximately 11 points. 

MACS describes in five possible levels how 4–18-year 

old children with CP use their hands to handle objects in 

daily activities. The levels are based on self-initiated ability 

and need for assistance or adaptation to perform manual 

activities. 

GMFM exists in two versions – 66-item and 88-item. 

The 66-item GMFM was used. Each item has an ordinal 4-

level scale: 0 = ‘does not initiate’; 1 – ‘initiates’; 2 – 

‘partially completes’; and 3 – ‘completes’. The total score 

is given in percentage; therefore, the maximum total is 

100%. The minimal clinically significant difference 

(MCID) has previously been suggested to be 

approximately between 1.2 and 5.3 points. 

GMFCS level is a rating of severity of motor functional 

impairment with five possible choices: level I – ‘walks 

without limitations’; level II – ‘walks with limitations’; 

level III – ‘walks using a hand-held mobility device’; level 

IV – ‘self-mobility with limitations; may use powered 

mobility’; and level V – ‘transported in a manual 

wheelchair’. 

Ashworth scale is a 6-level scale that describes the 

severity of spasticity: 0 – ‘No increase in muscle tone’; 1 – 

‘Slight increase in muscle tone’; 1+ – ‘Slight increase in 

muscle tone, manifested by a catch, followed by minimal 

resistance throughout the remainder (less than half) of the 

range of motion’; 2 – ‘More marked increase in muscle 

tone through most of the ROM, but affected part(s) easily 

moved’; 3 – ‘Considerable increase in muscle tone, passive 

movement difficult’; and 4 – ‘Affected part(s) rigid in 

flexion or extension’. 

Statistical analysis 

The descriptive statistics with normal distribution were 

presented as means, 

standard deviations, 

percent, and ranges when 

appropriate. The statistics 

with abnormal 

distribution were 

presented as medians, 25–

75% interquartile range 

(IQR), percent, and 

ranges when appropriate. 

All analyses were 

performed using Stata/IC 

Statistical Software: 

Release 14. College Station (StataCorp LP, TX, USA). 

RESULTS 

 

Of the 248 children, 232 (94%) had CP as a primary 

diagnosis for referral for rehabilitation. Their median age 

at admission was 75 (range 20 to 154, IQR 59) months. Of 

them, 61% were males and 39 females. During the 

rehabilitation course, all 248 patients received injections of 

botulinum toxin (Dysport®) with a median dosage per 

rehabilitant of 270 (40 to 880) UI and a median 

dosage/weight of 17.0 (1.9 to 46.8) UI/kg. 
 

Table 1 shows the scores of evaluated scales at 

admission and discharge. GMFCS and MACS scores did 

not change except in one case each. The Ashworth scale 

improved by one level in almost every rehabilitant (93%, 

223 out of 240). FIM showed a slight improvement in most 

patients with a median change of 1 (range 0 to 9, IQR 1). 

There were positive changes in GMFM scores of 233 

patients with a median pre/post difference of 3.8 (range 0.4 

to 29.2, IQR 3.2) points. 

 

DISCUSSION 

 

Hence, in this descriptive study of 248 children with CP 

who underwent a three-week intensive rehabilitation 

program, the GMFM scale was the only out of five scales 

that could be used to discriminate those who benefitted 

from the rehabilitation. GMFCS and MACS did not show 

any change, while the Ashworth scale as well as FIM 

improved almost evenly in virtually every patient. This 

study describes the experience of a single rehabilitation 

center and therefore no definitive inferences regarding the 

entire field of CP rehabilitation can be made. The possible 

differences between groups based on the severity, age, the 

form of CP, and main clinical syndromes have not been 

analysed. Our results are in line with previous studies 

which have shown the discriminatory ability of the GMFM 

(9). The absence of observable changes in functioning 

measured by GMFCS and MACS is not surprising, as even 

intensive rehabilitation intervention can hardly be expected 

to change significantly such rough five–level scores in 

Table 1. Scores at admission and discharge along with changes. 

Scale 
At admission At discharge Change 

Median Range IQR a Median Range IQR Median Range IQR 

Ashworth 3 1 to 5 1 2 1 to 5 1 -1 -2 to 0 0 

GMFM 50.45 0.3 to 99.1 80.3 54.95 0.8 to 99.6 80.3 3.8 0.4 to 29.2 3.2 

FIM 90.5 13 to 124 58.5 92 14 to 126 57 1 0 to 9 1 

MACS 3 1 to 5 2 3 1 to 5 2 0 -1 to 0 0 

GMFCS 3 1 to 5 3 3 1 to 5 3 0 -1 to 0 0 

a Interquartile 25%–75% range 
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children with a heavy chronic disorder in three weeks. The 

low discriminatory ability of FIM was unexpected, as a 

well-structured 18-item test could be anticipated to 

describe more precisely the change in the level of 

functioning than it did in our sample. This result contrasts 

with a previous report (8) and raises the question as to 

whether it would suffice to obtain Ashworth scale, FIM, 

GMFCS, and MACS scores only once during the 

rehabilitation intervention in our patient population in 

order to use scarce resources more efficiently. 

We can speculate that one of the main reasons why 

GMFM performed better than FIM in this study is the fact 

that FIM evaluates dependency. In relation to the 

International Classification of Functioning, Disability and 

Health (ICF), FIM employs only one dimension of 

participation, i.e. capacity, that describes the functioning 

without assistance. This leaves another part of functioning, 

i.e. performance (functioning in some real-life situations 

with all available assistance) outside the scope of FIM. As 

aforementioned about GMFCS and MACS, it is difficult to 

expect that the need for assistance changes significantly 

during such a short period as three weeks. On the contrary, 

ICF-based GMFM employs the entire spectrum of the 

concept of functioning and this may explain why it 

performed so well in this study. Further studies in different 

patient samples could help to validate our results. 

 

CONCLUSIONS 

 

While Ashworth scale, FIM, GMFCS, and MACS might 

be valuable tools to assess the level of functioning, they 

seemed to be too rough to describe mild changes 

observable during a short rehabilitation intervention. In 

comparison, the GMFM scale appears more sensitive in 

defining such changes.  
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