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ORIGINAL ARTICLE

Applying the functional independence measure to the 
assessment of patients with mucopolysaccharidosis
Aplicar la medida de independencia funcional a la 
evaluación de pacientes con mucopolisacaridosis
Marcos Almeida Matos1 , Paloma Silva Lopes1  , Allan Rodrigues Corsini1  , Julia 
Rodi2 , Chin-To Fong2

marcos.almeida@hotmail.com

1 Escola Bahiana de Medicina e Saúde Pública, Salvador, Bahia, Brasil, 2 University of Rochester Medical 

Center, Rochester-NY, USA, 

Abstract
Objective:
To assess the functional independence of a group of patients with mucopolysaccharidosis using 
the Functional Independence Measure as a tool that accomplishes this purpose.

Methods:
This is a cross-sectional study of patients with mucopolysaccharidosis. Our data was collected 
between June 2015 and July 2016. In addition to history of present illness and physical examination 
each study participant was asked to answer a questionnaire to specifically evaluate their functional 
independence using the functional independence measure. the internal consistency of the 
functional independence measure was assessed using Cronbach’s alpha coefficient.

Results:
We collected data on 20 patients with mucopolysaccharidosis. The average age was 10.8 (8.67-
13.03) years, the average weight was 23.6 (19.91-27.37) kg and the average height was 1 (0.83-
1.17) m. The most prevalent type of mucopolysaccharidosis in the study was type VI (n= 14). The 
average total functional independence measure score was 104.4 (97.61-111.19), the average for 
the mobility domain was 73.50 (68.22-78.78) and the average for the cognitive function domain was 
30.90 (28.68-33.13). The internal consistency of the entire questionnaire was 0.859, with values of 
0.966 for the mobility domain and 0.624 for the cognitive function domain.

Conclusion:
The lowest functional independence measure scores were obtained in the following sub-domains: 
self-care, locomotion and cognitive function. The functional independence measure questionnaire 
demonstrated internal consistency for the evaluation of functional independence in patients with 
mucopolysaccharidosis, being able to value all the affected sub-domains separately.
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Remark

1)Why was this study conducted?
This study was conduct in the hope of improving the knowledge about functional indepen-
dence in patients affected by mucopolysaccharidosis.

2) What were the most relevant results of the study?
This study gives additional credence to the use of Functional Independence Measure in muco-
polysaccharidosis and emphasis the lower independence of MPS patients, particularly in the 
domains Self-Care, Locomotion and Cognitive Function. 

3) What do these results contribute?
The findings of this study are crucial to the development of preventive and therapeutic 
protocols that are aimed at give support and improvement of quality of life and treatment to 
mucopolysaccharidosis.

Resumen
Objetivo:
Evaluar la independencia funcional de un grupo de pacientes con mucopolisacaridosis 
utilizando la Medida de Independencia Funcional como herramienta para lograr este propósito.

Métodos:
Este es un estudio transversal de pacientes con mucopolisacaridosis. Nuestros datos se 
recopilaron entre junio de 2015 y julio de 2016. Además de la historia de la enfermedad 
actual y el examen físico, se pidió a cada participante del estudio que respondiera un 
cuestionario para evaluar específicamente su independencia funcional utilizando la 
medida de independencia funcional. la consistencia interna de la medida de independencia 
funcional se evaluó mediante el coeficiente alfa de Cronbach.

Resultados:
Recopilamos datos de 20 pacientes con mucopolisacaridosis. La edad promedio fue de 
10.8 (8.67-13.03) años, el peso promedio fue de 23.6 (19.91-27.37) kg y la altura promedio 
fue de 1 (0.83-1.17) m. El tipo de mucopolisacaridosis más prevalente en el estudio fue el 
tipo VI (n = 14). La puntuación media de la medida de independencia funcional total fue 
104,4 (97,61-111,19), la media del dominio de movilidad fue de 73,50 (68,22-78,78) y la 
media del dominio de función cognitiva fue 30,90 (28,68-33,13). La consistencia interna 
de todo el cuestionario fue de 0,859, con valores de 0,966 para el dominio de movilidad y 
0,624 para el dominio de función cognitiva.

Conclusión:
Las puntuaciones más bajas de la medida de independencia funcional se obtuvieron en 
los siguientes subdominios: autocuidado, locomoción y función cognitiva. El cuestionario 
de medida de independencia funcional demostró consistencia interna para la evaluación 
de la independencia funcional en pacientes con mucopolisacaridosis, pudiendo valorar 
todos los subdominios afectados por separado.

http://doi.org/10.25100/cm.v51i3.3996
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Introduction

Mucopolysaccharidoses is a group of rare genetic deficiencies in the degradation of 
glycosaminoglycans 1,2,3. The resulting accumulation of glycosaminoglycans in lysosomes leads 
to cellular dysfunction in many tissues, organs and body systems and consequently cause a 
wide spectrum of chronic sign and, symptoms can be seen, with steady progression that is 
ultimately life-threatening 1,2,3,4.

Mucopolysaccharidoses is lysosomal storage disease that can be classified into seven 
different types according to clinical characteristics, which can be further subtyped according 
to the specific enzyme deficiency 1,2. those types are Mucopolysaccharidoses I (Hurler or 
Scheie disease), Mucopolysaccharidoses II (Hunter disease), Mucopolysaccharidoses III 
(Sanfilippo disease), Mucopolysaccharidoses VI (Morquio disease), Mucopolysaccharidoses 
VI (Maroteaux-Lamy disease), Mucopolysaccharidoses VII (Sly disease), and 
Mucopolysaccharidoses IX 1,2. All types are very similar with respect to symptoms and progress 
of the disease. One of the most common manifestations is the so-called dysostosis multiplex, 
which leads to a wide variety of musculoskeletal problems such as short stature, stiff joints, 
claw hand deformity, limb deformities, carpal tunnel syndrome (as well as other kinds of nerve 
compression syndromes), hip dysplasia and cervical instability 1,2,5,6. In addition, most types 
of Mucopolysaccharidoses predispose patients to developing concerning neurodevelopmental 
problems, such as spasticity, developmental delay and regression, cognitive impairment, and 
aggressive behaviors 1,2,5,6.

Given all of these manifestations, mucopolysaccharidoses disorders can be highly 
incapacitating and have the potential to severely worsen the quality of life and the functional 
independence of affected patients. However, most studies about mucopolysaccharidoses 
focus primarily on the medical aspects of these conditions 1,3,7 without seeking to quantify 
their impact on the subjects’ functional status. Only a few studies have evaluated the 
functional independence of patients with mucopolysaccharidoses using generic or specific 
instruments 8,9,10,11, which provided little specificity for these patients. Lastly, not only is there a 
dearth of studies on the effect of mucopolysaccharidoses on functional independence, but also 
are required studies dedicated to evaluating and validating the psychometric component of the 
instruments used in these patients.

The Functional Independence Measure is a widely used tool that is validated for quantifying 
the extent to which patients require assistance with their activities of daily living 13,14. 
It has been also used in two studies on the functional capacity of patients affected by 
mucopolysaccharidoses type II despite the lack of knowledge about its psychometric 
characteristics in that situation 10,11. Functional Independence Measure could be useful for 
understanding the impact that mucopolysaccharidoses has on patients’ level of function and 
for evaluating and monitoring long term disease progression 10,11. However, only assessment 
of the internal consistence of this questionnaire can give more credence to the results of 
studies related to this subject. The goal of this study is to extend the findings of previous 
studies by assessing the functional independence of a group of patients with different types of 
mucopolysaccharidoses using the Functional Independence Measure and evaluate the internal 
consistence of the instrument.

Materials and Methods

A descriptive and analytic cross-sectional study was conducted between June 2017 and July 
2018 on a group of patients with Mucopolysaccharidoses at the orthopedic outpatient clinic 
at Hospital Santa Isabel, Salvador, a tertiary-referral hospital for the entire state of Bahia, 
Brazil. The study is part of a project entitled “Clinical evaluation of the musculoskeletal 
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manifestations of mucopolysaccharidosis”, which has been approved by the research ethics 
committee at the Hospital Santa Isabel da Santa Casa de Misericórdia da Bahia, under no 
925.989/2014 and CAAE no 38746914.5.0000.5520.

The sample of the study consisted of outpatients seen at the clinic. The inclusion criteria 
were individuals able to walk independently. According to the inclusion criteria, patients 
were required to have a biochemical diagnosis of Mucopolysaccharidoses and be above 6 
months of age. Patients were eligible for the study if they had received a definitive diagnosis 
of Mucopolysaccharidoses based on the activity of specific enzymes. Patients of both sexes 
and any age group were eligible. Taking into account the rarity of the disease, there was no 
exclusion criterion, and we accepted all available subjects. Informed consent was obtained 
from every study participant or their guardian. A history and physical exam were performed 
and participants were given a questionnaire designed specifically to test their functional 
independence. Social and demographic data was also collected.

The Brazilian version of functional independence measure 12,14 was used to test functional 
independence in all study subjects. The functional independence measure instrument is 
designed for children aged 7 or older, therefore, the pediatric version (WeeFIM) was used for 
children under 7 years-old. Fortunately, as performed before, numbers of both instruments 
can be pooled together 9,11. All of the interviewers were previously trained according to the 
user manual for the functional independence measure 12. The questionnaire is divided into 
four domains (self-care, mobility, communication and cognitive function) and is composed 
of 18 items, which are each graded on a scale from 1 to 7. The minimum total score was 18 
and maximum total score was 126. The highest score (126) indicates that the individual can 
accomplish the task with complete independence. Decreasing scores correspond to decreasing 
levels of independence, with a score of 18 signifying complete dependence. Scores are added 
for each sub-domain and these are then added together to make up the total functional 
independence measure score 12-14.

The categorical variables were tallied based on frequency and the continuous variables were 
described by their averages and standard deviation. We presented the total scores for each 
domain and sub-domain. We also evaluated the internal consistency of the instrument using 
the Cronbach alpha coefficient to assess each of the domains and the total. This was done 
using the following criteria, which was put forth by Landis e Koch 15; 0.5 < α = unacceptable 
correlation; 0.6 > α ≥ 0.5 = bad correlation; 0.7 > α ≥ 0.6 = questionable correlation; 0.8 > α ≥ 
0.7 = acceptable correlation; 0.9 > α ≥ 0.8 = good correlation; α ≥ 0.9 = excellent correlation. 
We therefore considered a coefficient greater than 0.7 to be clinically significant. We used 
a p value of 0.05 as a measure of statistical significance for every test.

Results

The study sample was made up of 20 patients diagnosed with Mucopolysaccharidoses. The 
majority of the individuals were male (65%) and the mean age of 10.85 (8.67-13.03) years. 
There were three patients under 7 years-old in whom it was used the adjusted version of the 
instrument (WeeFIM). The majority (70%) were diagnosed with Mucopolysaccharidoses type 
VI, and the remaining with Mucopolysaccharidoses I (10%) and Mucopolysaccharidoses II 
(20%) (Table 1). The application of the functional independence measure took approximately 
22 min to be performed by a single trained evaluator. The difficulty in interviewing cognitive 
impaired patients was overcome by using proxy answer. The items seemed to be adequately 
answered by the parents, and also easy to be verified by the examiner.

Table 2 shows the mean total, domain and subdomain functional independence measure 
scores in absolute scores and as percentage of total possible scores. Between the two domains, 
the mobility domain had the lower percentage score (80.8%). Within the mobility domain, the 
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self-care subdomain had the lowest score, followed by the locomotion subdomain (Table 2).

Table 3 shows the internal consistency coefficient between the larger domains and the global 
score for this instrument was considered to have good correlation (0.859) according to Lands 
and Koch and was also statistically significant (Table 3). The internal consistency for all of 
the subdomains that make up the functional independence measure was measured by the 
alpha Cronbach Index, and was also considered nearly perfect (0.831) and significant when 
compared to the global score. However, when we compared the items with the subdomains in 
the instrument, two sub-domains had correlations below the value considered to be clinically 
satisfactory; namely, the Sphincter Control subdomain (0.142) and the Communication 
subdomain (0.343). Other data can be found in Table 3.

Discussion

Our findings show that patients with Mucopolysaccharidoses have lower functional 
independence scores; about 17% less than the maximum score on the functional independence 
measure. The lowest scores were obtained in the Self-care and Locomotion subdomains; 
which, as a result, led to a decline in the Mobility domain. The internal consistency scores 
for the functional independence measure (including items and subdomains) demonstrated 
consistencies ranging from acceptable to excellent. The subdomains compared to the 
domains (specifically Cognitive Function and Mobility) demonstrated an acceptable internal 
consistency (greater than 0.7). When the domains were compared to the total functional 
independence measure score, the results for Mobility were excellent but the results for 
Cognitive Function were questionable (below 0.7). When the total score was compared to the 
subdomains, most were good or excellent, but the Sphincter Control and Communication 
subdomains were found to have an unacceptable internal consistency.

We believe that the low scores obtained in the Self-care and Locomotion subdomains 

Table 1.   Clinical characteristics of patients with Mucopolysaccharidosis
Characteristics Number or mean (% or CI)
Biological sex
Male 13 (65%)
Female 7 (35%)
Age (years) 10.85 (8.67-13.03)
Weight (kg) 23.64 (19,91-27,37)
Height (m) 1.00 (0.83-1.17)
Type of Mucopolysaccharidosis
Type I 2 (10%)
Type II 4 (20%)
Type VI 14 (70%)
CI - confidence interval

Table 2.   Functional independence measure scores for each domain and subdomain in patients with Mucopolysaccharidosis
Domains Mean score (CI) Mean percentage*
FIM Total 104.40 (97.61-111.19) 82.9
Domains
Mobility Domain 73.50 (68.22-78.78) 80.8
Cognitive Function Domain 30.90 (28.68-33.13) 88.3
Subdomains
Self-care 29.65 (27.26-32.04) 70.6
Sphincter Control 13.40 (12.83-13.97) 95.7
Mobility 19.40 (17.57-21.26) 92.3
Locomotion 11.05 (9.26-12.84) 82.0/14.0
Communication 12.80 (11.82-13.78) 91.4
Cognition 18.10 (16.53-19.67) 86.2
CI - confidence interval;
FIM: functional independence measure
*This value considers the percentage obtained out of the total possible score
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are due to the clinically significant osteoarticular pathologies associated with 
Mucopolysaccharidoses1,2,6. Patients with Mucopolysaccharidoses present with 
musculoskeletal rigidity and articular deformities that impair mobility and locomotion 1,2,6,16,17. 
There are also changes to the vertebral column characterized by kyphosis and scoliosis, and 
thoracolumbar vertebral rotation is a common finding. These changes lead to difficulty with 
gait and mobility in patients with Mucopolysaccharidoses and impact their activities of daily 
living, such as getting out of bed, going to the bathroom, walking and running 1,2,6,16,17. Apart 
from these osteoarticular deformities, individuals with Mucopolysaccharidoses also have 
impaired cardiac, pulmonary and respiratory function and expend more energy in initiating 
and maintaining gait, which results in early fatigue 16,17.

Starting in the first few years of life, individuals with Mucopolysaccharidoses demonstrate 
restricted range of motion, especially in their elbows, knees and hips. This is secondary to 
involvement of the metaphysis as well as thickening and fibrosis of the articular capsule 1,2,6,17. 
These alterations are direct consequences of the accumulation of glycosaminoglycans 
in musculoskeletal tissues, such as tendons and synovial membranes. The progression 
of these clinical manifestations depends on the severity and chronicity of the disease, as 
glycosaminoglycans tends to accumulate in various systems as the individual ages 1,2,6,17. 
However, in our sample, most study participants were pediatric patients and did not yet 
require assistance with walking or standing. This indicates that self-care and locomotion may 
be even more severely impaired in older patients.

Individuals with Mucopolysaccharidoses present with flexion contractures of the digits (claw 
hand deformity), median nerve compression (carpal tunnel syndrome) and Dupuytren’s 
contractures 18,19. As a result, they have a limited ability to perform a pincer grasp and have 
difficulty holding objects that are important for daily activities, such as knives, forks and 
toothbrushes and struggle to open faucets or hold soap 18,19. In addition, the abnormal spacing 
between their teeth and dental dysplasia impair mastication and deglutition, resulting in 
dysphagia 2,6. These factors certainly impact self-care and specific techniques or tools are 
often required, or even assistance from others, for patients to accomplish daily tasks. Food 
consistency may need to be altered, as thick pasty foods facilitate the creation of a bolus and 
help prevent aspiration, choking or dietary deprivation.

Individuals with Mucopolysaccharidoses vary in their cognitive function. Typically, cognitive 
impairment occurs in Mucopolysaccharidoses types I, II and III 1,2,6. However, we evaluated 
cognitive function in patients with many different types of Mucopolysaccharidoses in this 
study and the most prevalent type was type VI, which is thought to have the least association 
with cognitive impairment. We believe this explains why cognitive function, and especially 
the communication domain, showed less evidence of impairment in our sample. However, 

Table 3.  Alpha Cronbach coefficients for each functional independence measure domain and subdomain for patients with mucopo-
lysaccharidosis
Domains FIM domain- total Cronbach (p) FIM subdomain- domain Cronbach (p)
Mobility 0.966 (<0.001) 0.761 (<0.001)
Cognitive Function 0.624 (<0.001) 0.787 (<0.001)
Global FIM 0.859 (<0.001) -
Subdomains FIM subdomain- total Cronbach (p) FIM item-subdomain Cronbach (p)
Self-care 0.849 (<0.001) 0.787 (<0.001)
Sphincter Control 0.142 (0.552) 0.937 (<0.001)
Mobility 0.798 (<0.001) 0.885 (<0.001)
Locomotion 0.829 (<0.001) 0.928 (<0.001)
Communication 0.343 (0.344) 0.914 (<0.001)
Cognitive Function 0.873 (<0.001) 0.823 (<0.001)
Global Cronbach alpha index 0.831 (<0.001) 0.754 (<0.001)
FIM: functional independence measure
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even in the absence of significant neurocognitive problems, it is possible that there was still 
some degree of limitation in the ability to communicate because of factors such as physical 
dependence, macroglossia and hearing loss, which can all result in the need for assistance with 
comprehension, self-expression and social interactions.

Although there is no study that assess the value of applying questionnaires to evaluate 
functional independence in patients with Mucopolysaccharidoses, a few studies have shown 
a reduction in functional scores in these patients 8,11. A study conducted by Guarany et al.10, 

made use of the functional independence measure and PEDI (Pediatric Quality of Life 
Questionnaire) to assess the level of function of 21 patients with Mucopolysaccharidoses. The 
functional independence measure was answered by a total of 14 participants and 8 of them 
had global scores below 100 points; only 6 participants achieved a maximum score in the 
Cognitive Function domain, while only 1 achieved the maximum score in the Mobility domain 
(10 were below 90 points) 10; there was also a significant correlation between the functional 
independence measure and the amplitude of articular movements, which suggests that both 
measures may be useful markers ​for progression of neurological aspects of the disease 10.

Kato et al.11, also applied the functional independence measure to evaluate the activities of 
daily living of 27 patients with Mucopolysaccharidoses type II. Individuals with more severe 
manifestations of the disease had lower scores than individuals with milder forms; the patients 
with severe forms of Mucopolysaccharidoses type II had a total score of 43.9 points (34.8% 
below the maximum possible score), with Mobility scores of 36.5 (40.1%) and Cognitive 
Function scores of 7.4 (21.1%). Patients with milder forms of Mucopolysaccharidoses II 
scored a total of 117.7 points (93.4%) in the total, 85.8 (94.3%) in Mobility and 31.8 (90.8%) 
in Cognitive Function 11. Mucopolysaccharidoses types I and II are considered to be the most 
severe types of Mucopolysaccharidoses and it is possible that our study found less evidence of 
impairment using the functional independence measure because we included less aggressive 
types of Mucopolysaccharidoses in our study (our results were; Total 104.4; Mobility 73.5 and 
Cognitive Function 30.9).

The Kato et al. 11, also found a moderate correlation between the functional independence 
measure and amplitude of movement in patients with severe disease, but the correlation was 
weak in patients with milder disease. The authors suggest that the functional independence 
measure is a new tool that is useful for the evaluation of functional independence in patients 
with Mucopolysaccharidoses, since it was found to be adequate in measuring the state of the 
disease from a somatic point of view (mobility) and a mental one (cognitive function) (,11. 
However, this study did not make use of the psychometric properties of the functional 
independence measure questionnaire.

In regards to the internal consistency of the functional independence measure, our study 
showed that the Cronbach coefficients for the relationship between the domains and 
subdomains and between the subdomains and the items were greater than the value required 
for clinical significance (greater than 0.7); however, the Cognitive Function, Sphincter Control 
and Communication subdomains displayed values below the accepted threshold for clinical 
significance. Given these findings, it did not seem appropriate to add the scores for these 
disparate subdomains, since they are affected differently by the disease. We therefore propose 
that the functional independence measure scores be presented and analyzed separately by 
domain and subdomain, as it is not possible to use the global score to differentiate between 
patients of different Mucopolysaccharidoses types.

Hobart et al. 20, evaluated the internal consistency of the functional independence measure 
when applied to patents with diverse neurological conditions and established that it was 
internally consistent based on the Cronbach coefficient. Their results were similar to ours; the 
coefficients they calculated were as follows; 0.87 for the comparison between the total and 
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the items, 0.60 for the Mobility domain and 0.63 for the Cognitive Function domain. When 
confronted with the value of the items, the internal consistency was found to be 0.95 for the 
total functional independence measure score, 0.95 for the Mobility domain and 0.89 for the 
Cognitive Function domain 20. Not only are these results similar to ours, they also support 
the recommendation to present and analyze the functional independence measure based on 
separate scores for the subdomains and the domains and provide evidence against the use of 
the total score in isolation.

The main limitations of this study were the small sample size for Mucopolysaccharidoses types 
I and II, but this is one of the constraints in studies on rare genetic disorders. On the other 
hand, our choice to evaluate multiple types of Mucopolysaccharidoses means that our data is 
better at reflecting the broad impact of these diseases on functional independence instead of 
focusing on one specific type. Despite this study’s limitations, it nonetheless contributes to our 
understanding of the degree to which patients with Mucopolysaccharidoses require assistance 
with (and face impairments in) their mental and physical health, especially given the dearth 
of information on the topic. In addition, using the functional independence measure instead 
of a specific questionnaire enables us to compare our results to those obtained in other similar 
diseases and in the general population, which strengthens the study.

Conclusions
Patients with Mucopolysaccharidoses have scores lower than the maximum functional 
independence measure scores in all of the domains and subdomains that we analyzed, with 
the Self-care, Locomotion and Cognitive Function subdomains representing the lowest scores. 
The functional independence measure questionnaire demonstrated internal consistency when 
applied to the evaluation of functional independence in patients with Mucopolysaccharidoses. 
The following coefficients were obtained; 0.859 for the total, 0.624 for the Mobility domain and 
0.966 for the Cognitive Function domain. However, the authors recommend that the results 
for the functional independence measure be analyzed by looking at the subdomains, since the 
correlations obtained were superior to those found for the domains.
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