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Motor assessment in patients with  
Duchenne muscular dystrophy
Avaliação motora em pacientes com distrofia muscular de Duchenne 
Gabriela Palhares Campolina Diniz1, Laura Maria de Lima Belizário Facury Lasmar2, Juliana Gurgel Giannetti3

Neuromuscular diseases (NMD) are genetic or acquired 
entities whose primary lesion may be in the anterior horn of 
the spinal cord, peripheral nerves, neuromuscular junction or 
in the muscle1. The NMDs worldwide prevalence estimate, to-
gether, is 1:3500 individuals2. In childhood, the most frequent 
NMD is Duchenne muscular dystrophy (DMD), a recessive 
X-linked inherited disorder with worldwide incidence around 
1 in 4.000 newborn boys. The onset of the disease frequent-
ly occurs before the age of five years. The first symptoms are 
walking problems due to symmetrical weakness of the lower 
limbs muscles, often associated to calf pseudohypertrophy. 
There is a slowly weakness progression over time with in-
volvement of the upper limbs and respiratory muscles3.

The search for an evaluation method that may quantify 
the NMDs and DMD patients muscular strength has been fre-
quent in the literature. Several methods of analysis and moni-
toring of NMDs patients have been proposed, and some pro-
tocols have been established from the 1980’s4-10.

Some scales have been developed for evaluation of 
specific NMDs including the Hammersmith Motor Ability 
Score (HMAS), used for spinal muscular atrophy (SMA) and 
DMD10,11, the Brooke score for DMD4, the Vignos score12 
and the Egen Klassification (EK) scale for DMD and SMA13. 
The need for special training to use them is a problem for 
their use in the everyday clinical practice, restricting their 
use for research purposes. 
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ABSTRACT
Objective: Evaluate muscle force and motor function in patients with Duchenne muscular dystrophy (DMD) in a period of six months. Method: 
Twenty children and adolescents with diagnosis of DMD were evaluated trough: measurement of the strength of the flexors and extensors 
of the shoulder, elbow, wrist, knee and ankle through the Medical Research Council (MRC), and application of the Motor Function Measure 
(MFM). The patients were evaluated twice within a six-month interval. Results: Loss of muscle strength was identified in the MRC score for 
upper proximal members (t=-2.17, p=0.04). In the MFM, it was noted significant loss in the dimension 1 (t=-3.06, p=0.006). Moderate and 
strong correlations were found between the scores for muscular strength and the MFM dimensions. Conclusion: The MFM scale was a useful 
instrument in the follow up of patients with DMD. Moreover, it is a more comprehensive scale to assess patients and very good for conducting 
trials to evaluate treatment.
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RESUMO
Objetivo: Avaliar a força muscular e função motora em pacientes com distrofia muscular de Duchenne (DMD) em intervalo de seis meses. Mé-
todo: Vinte crianças e adolescentes com diagnóstico de DMD foram avaliados quanto às seguintes medidas: força de flexores e extensores 
de ombro, cotovelo, punho, quadril, joelho e tornozelo, por meio do Medical Research Council (MRC) e aplicação da Medida da Função Motora 
(MFM). Os pacientes foram analisados em dois momentos, com intervalo de seis meses. Resultados: Observou-se perda de força muscular 
identificada por meio da MRC para membros superiores proximais (t=-2,17, p=0,04). Na MFM, observou-se perda significativa na dimensão 
1 (t=-3,06, p=0,006). Foram registradas correlações médias a fortes entre os escores de força muscular e as dimensões da MFM. Conclusão: 
A escala MFM mostrou ser um instrumento útil no acompanhamento dos pacientes com DMD. É uma escala funcional, o que a torna boa 
candidata para o acompanhamento de pacientes com DMD em uso de novas drogas.

Palavras-Chave: distrofia muscular de Duchenne, medida da função motora, medical research council.
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The motor function measure (MFM) scale was developed 
by a group of French researchers in 2005. This technique al-
lows the evaluation of patients presenting different NMD 
with six years old or more. The scale is designed to assess 
motor function and progression of weakness in a variety of 
neuromuscular disorders. It is applicable to both ambulant 
and non ambulant patients with a range of severity. The vali-
dation included 303 patients with 6–62 years, with different 
NMD14. The scale is subdivided into three dimensions: di-
mension 1 (D1) studies the standing position and transfers 
(13 items); dimension 2 (D2) investigates the axial and proxi-
mal limb motor function (12 items); and dimension 3 (D3) 
evaluates distal limb motor function (7 items). Each item is 
given a point from zero to three and the values are added in 
a percentage for each dimension and a scale total percentage 
value obtained. 

 In 2008, the MFM was validated for Portuguese language 
by a Brazilian physiotherapist, that showed minimal variabil-
ity and high reliability in its aplication15,16. An adaptation of 
the MFM is under validation for NMD children under seven 
years17. In 2009, Vuillerot et al., performed a follow-up study 
using the MFM scale in DMD patients. There were two pa-
tient’s groups – one was composed by DMD patients taking 
steroids regularly and the other by DMD patients without 
taking steroids. The patients were evaluated at three months 
and one year of follow up. At the end of the study, the authors 
concluded that the patients using steroids showed a more 
stable course. They also pointed the importance of the six 
months evaluation which was not performed in that study18. 

The current study aimed to investigate the strength and 
the motor function of DMD at the starting and final mo-
ment, with a six months interval, using the Medical Research 
Council (MRC) and the MFM and to correlate the MFM and 
MRC. 

METHODS 

A prospective study including 20 patients with DMD was 
carried out and monitored in the NMD Clinics of the Hospital 
das Clínicas, Universidade Federal de Minas Gerais (UFMG) 
in the period between July 2008 and May 2009. 

It included children and adolescents aged from 6 to 19 years, 
diagnosed with DMD, confirmed by DNA analysis or muscular 
biopsy with histochemical and immunohistochemical study. 

 Children and adolescents who had no cognitive ability to 
understand verbal commands or who refused to participate 
were excluded.

A standardized protocol was developed and applied by 
the same examiner twice within a six-month interval. Two 
scales were used, the MRC10,19 and the MFM14-16. 

According to the MRC, the muscle strength of muscu-
lar groups was evaluated including: flexors and extensors 

from shoulder, elbow, wrist, hip, knee and ankle. A score 
system was used for the muscular strength analysis giv-
ing it point values between zero to five. Thus, zero = no 
contraction; one point = flicker or trace of contraction; 
two points = active a movement, with gravity eliminat-
ed; three points = active movement against gravity; four 
points = active movement against gravity and resistance; 
five points = normal power9. In all the strength tests the 
measure was achieved from both left and right sides to 
minimize the handedness influences, as well as to exclude 
the asymmetrical involvement of the muscle groups.

The muscular strength scores were calculated using the 
formula10: 

	 % MRC =    Sum of the scores X 100
		  Number of tested muscles X 5

Based on this formula, different scores were obtained: the 
proximal upper limb (shoulder and elbow), distal upper limb 
(wrist), proximal lower limbs (hip and knee) and distal lower 
limb (ankle) strength.

All the patients were evaluated by the same physiother-
apist, always in the same period in the afternoon, between 
1:30  p.m. and 4:30 p.m. Two evaluations were carried out 
with a six month interval. The tests were applied always in 
the same order: MFM, MRC. The findings in each scale, at the 
start and final moments, were compared.

The material used for the application of the MFM scale 
was as follows: a mattress, a table, a chair, a tennis ball, a 
pencil, A4 paper sheets, a CD, ten coins of ten cents and a 
stopwatch. 

Statistical analysis

The sample was non-randomized and, according to the 
inclusion criteria, 20 DMD patients were selected. 

The paired t-tests and the Mann-Whitney were used, re-
spectively, for comparison between means and medians. 

Also, we evaluated the correlation between the muscu-
lar strength scores and the MFM scale dimension as follows: 
each muscular strength score was correlated with each of 
the three dimensions of the MFM scale. The correlation was 
carried out by the Spearman correlation test20. It was also 
used the simple linear regression whose variable-answers 
were the MFM scale dimensions; and the predictor vari-
ables were the muscular strength scores. These correlations 
were carried out in the two stages: the initial and final. 

The level of statistical significance was p<0.05. 
The study protocol and the terms of consent were ap-

proved by the UFMG Ethics and Research Committee. All 
participants and their parents provided their informed con-
sent to participate.
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RESULTS

Among the 20 DMD patients, 12 (60%) had already lost 
the ambulation when the first evaluation was performed. The 
median age of ambulation lost was nine years.

To perform the MFM application we spent 22.9 minutes at 
the first evaluation and 18.9 minutes at the final evaluation.

The results of the differences between means and/or me-
dians between the scores of muscular strength of upper and 
lower limbs at the start and at the final moments using the 
MRC in DMD patients is showed in Table 1. There were statis-
tically significant losses in the score of the proximal muscular 
strength of upper limbs in the six month interval. 

The scores of the MFM scale, at the start and final mo-
ments, are showed in Table 2. There was difference statistical-
ly significant among the mean scores only in the D1 of MFM 
scale in a six month period. 

The scores of D3 of the MFM in the non-ambulatory 
DMD patients are demonstrated in Table 4. The non-am-
bulatory DMD patients had lost upper limb function in a 
period of six months, demonstrated by the dimension 3 of 
the MFM (p=0.04).

The correlations between the MFM scale dimensions 
and the MRC in DMD patients are showed in Table 4. The 

Fig 1. Correlation between dimension 1 of motor function measure 
and muscle score of proximal lower limbs at the final evaluation.
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Score of muscular strength of lower limbs

Item Average±SD Median 
(Range) t p-value

Score MSPUL start 25.4±5.9 26 (12–34)
Score MSPUL final 23.6±4.9 24 (16–31) -2.17 0.04
Score MSDUL start 15.9±3.2 16 (8–20)    
Score MSDUL final 15.9±2.2 16 (12–20) 0.39 0.7
Score MSPLL start 19.2±8.7 20.5 (4–31)
Score MSPLL final 17.2±7.8 15 (4–31) -1.96 0.06
Score MSDLL start 11.0±5.2 12.5 (0–18)

Score MSDLL final 9.5±5.2 9 (2–18) -1.3 0.2

SD: standard deviation;  MSPUL: muscle strength of proximal upper limb; 
MSDUL: muscle strength of distal upper limb; MSPLL: muscular strength of 
proximal lower limb; MSDLL: muscular strength of distal lower limbs. 

Table 1. Analysis of muscle strength of upper and lower limbs 
at the start and final moments, according to Medical Research 
Council scale (n=20).

Item Average±SD Median (Range) t p-value
D1Total  start 28.95±30.4 9.0 (0–77)
D1Total final* 22.55±26.4 8.0 (0–74) -3.06 0.006
D2Total start 82.30±16.7 89.0 (39–97)
D2Total final* 82.95±17.2 87.5 (50–100) -0.11 0.916
D3Total start 87.65±12.5 90.0 (52–100)
D3Total final* 85.65±14.6 90.0 (43–100) -1.09 0.290
D Total start 61.70±18.1 57.0 (29–89)
D Total final* 58.6±18.3 55.5 (29–88) -2.17 0.043

*A patient excluded. D: dimension; SD: standard deviation.

Table 2. Scoring distribution of patients according to scale 
motor function measure at the start and   final moments, as a 
percentage (n=20).

Item n Average±SD
D3 Total start 12 84.8±14.5
D3 Total final 12 79.3±15.2 p=0.04

D: dimension; SD: standard deviation.

Table 3. Comparation of dimension 3 of the motor function 
measure in the start and final moments in non-ambulatory 
patients with Duchenne muscular dystrophy.

Item D1 D2 D3
Score MSUL proximal 1 0,001 (r=0.7) <0.001 (r=0.8) <0.001 (r=0.8)
Score MSUL distal1 0.001 (r=0.7) <0.001 (r=0.8) 0.002 (r=0.8)
Score MSLL proximal1 <0.001 (r=0.9) 0.001 (r=0.7) 0.002 (r=0.6)
Score MSLL distal1 0.002 (r=0.65) 0.01 (r=0.6) 0.04 (r=0.5)
Score MSUL proximal 2 <0.001 (r=0.8) 0.001 (r=0.9) 0.01 (r=0.6) 
Score MSUL distal2 0.06 (r=0.4) <0.001 (r=0.8) 0.03 (r=0.5)
Score MSLL proximal 2 <0.001 (r=0.9) <0.001 (r=0.8) 0.02 (r=0.5)
Score MSLL distal2 0.001 (r=0.7) *0.001 (r=0.8) 0.01 (r=0.6)

*One patient excluded at the end. MSUL: muscle strength of upper limb; 
MSLL: muscular strength of lower limb; 1: start moment; 2: final moment.

Table 4. Correlation between muscle strength, according to 
MRC scale, and function, according to scale motor function 
measure at the start and the final moment (n=20)*.

muscular strength scores presented moderate to strong cor-
relations with the MFM scale dimensions, both at the initial 
and the final moments. 

The correlation between the dimension 1 of the MFM 
and the muscular strength score of proximal lower limbs 
at the final moment in DMD patients is demonstrated in 
Fig 1. It is noted that 77.1% of the variation of the D1 of the 
MFM are explained by the proximal lower limbs muscular 
strength score. 

The correlation between the dimension 2 of the MFM 
and the muscular strength score of proximal upper limbs 
at the final moment in DMD patients is showed in Fig 2. 
It is noted that almost 77% of the variation of D2 of the 
MFM are explained by the proximal upper limb muscular 
strength score.
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DISCUSSION 

One of the most significant findings in the DMD patient’s 
neurological exam is the muscle weakness21. In addition, sev-
eral NMD present worsening weakness and motor function 
along the years. Thus, the development of scales that allow 
the evaluation of patients with different forms of NMD, in-
cluding DMD, has become a challenge. In this context, sever-
al studies were carried out and different scales were applied, 
and the MRC was originally one of the most used4-7. However, 
it is important to consider that the MRC measure the mus-
cle strength exclusively. It does not asses the motor function, 
which nowadays is essential to improve the adaptation of 
NMD patients to daily activities and social life.

The present study used the MRC in the assessment of pa-
tient’s muscle strength, nevertheless the evaluation was done 
analyzing specific muscular groups setting the proximal and 
distal muscular strength scores both for the lower and upper 
limbs. We found no significant difference in a six month inter-
val between the initial and final evaluations of the proximal 
lower limbs strength, but statistically significant changes in 
the proximal muscular strength scores of upper limbs. The lack 
of changes in the two evaluations of the proximal lower limbs 
strength could be associated to the predominance of non-
ambulatory DMD patients (12 patients) in whose the muscle 
strength scores is low, frequently between 0 to 2–3, with less 
variation over time. On the other hand, based in the natural 
history of the disease, in the non-ambulatory stage there is 
progressive weakness of upper limbs which is compatible with 
the statistically significant changes in the proximal muscular 
strength scores of upper limbs observed in the present study.

In this research, the MRC was associated to a function-
al scale. The chosen scale was the MFM, which was selected 
in view of some advantages: it can be used in ambulatory or 
non-ambulatory patients, evaluates the hand function and 
presents the subdivision into dimensions that can be inde-
pendently assessed. 

Similarly in 2007, Parreira et al. investigated the muscle 
strength and motor skills in 32 DMD patients using corticos-
teroids. However, the authors used the MRC scale associat-
ed to others functional tests: the HMAS scale, the maximum 
weight lifting, time for walking nine meters and time for get-
ting up off the floor. The conclusion was that it is possible to 
evaluate objectively and rapidly the DMD patients by the es-
tablished measures9. However, HMAS scale has limitations, 
including the lack of items to test hand functions, and in its 
original version presented several items that difficult the ap-
plication in non-ambulatory patients.

The MFM was developed and validated in 2005 through a 
study that included 303 patients with different NMD, aged be-
tween 6–62 years old13. After one year, 152 of the 303 patients 
were reevaluated and there was significant reduction in the 
scale global score22. Since then, some studies are using this 
scale, pointing it as easy and useful scale for application in clin-
ical practice and researches in NMDs.

Vuillerot, in 2009, investigated the motor function of 
DMD patients through the MFM scale in three different sur-
veys: the first and the second one have monitored patients 
undergoing physiotherapy, for three months and one year, re-
spectively. The third one compared patients treated with ste-
roids and patients without any medication during a one year 
period. In three months interval, there was loss in the D1 and 
in one year there were losses in all the dimensions. However, 
the patients with steroids treatment had more stable values 
than the group with no treatment; and also in the D2 there 
were fewer losses. They also showed that a total score of 70% 
of the MFM scale and a score of 40% of D1 are values that 
predict a loss of ambulation within one year in DMD patients. 
Notwithstanding, the authors underline the need for a study 
that evaluates the patients with a six month interval18. 

In our study, we applied the MFM scale in DMD patients 
twice within a six-month interval. A statistically significant 
loss was noted in the D1. The dimension 1 evaluates standing 
position and transfers. It is important to consider that 60% 
(12 patients) of the DMD patients were non-ambulatory and, 
consequently, the items of the D1 could not be applied. So, 
the alteration observed in D1 was related to disease progres-
sion among the ambulatory patients, since the non-ambula-
tory DMD patients pointed zero and they were consequent-
ly excluded from D1 evaluation. The D2 evaluates axial and 
proximal motor function and D3 measures the distal motor 
function. In the present study, there were no changes in D2 
and D3. However, when we analyzed the D3 results only in 
non-ambulatory DMD patients, we found a statistically sig-
nificant change suggesting the progressive involvement of 
distal limb motor function in this stage of the disease. The 
MFM can be useful for the evaluation of disease progression 
even in a short period of time.

Concerning the analysis of upper limb function in DMD 
patients (with age ranging from 20 to 43 years), a recent 
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study was performed by Bartels et al.23. They evaluated up-
per limb distal motor function using the D3 of MFM. The 
muscle strength and range of motion of upper limb were also 
assessed using the MRC, hand-held dynamometry and goni-
ometry, respectively. The conclusion was that motor function 
was severely impaired and there is a wide variation in distal 
motor function, muscle strength and range of motion of the 
upper limbs. The muscle strength and range of motion ex-
plained 76% of the variance in upper limb distal motor func-
tion. The research suggests that preserving muscle strength 
and range of motion might be relevant for a better upper dis-
tal motor function in DMD adults23. However, they did not 
perform a follow up evaluation of the dimension 3 of MFM.

In the current study we performed analysis of the corre-
lations between the MFM dimensions and MRC at the initial 
and final evaluations. There were few studies analyzing this 
correlation, but one article is highlighted since it made 
this analysis (correlation of MRC and MFM) in 100 adult pa-
tients (aged 18–78 years) with several NMD. The group in-
cluded mostly patients with myotonic dystrophy (30%) and 
fascio-scapular-humeral dystrophy (29%). MFM, MRC were 
applied for lower and upper limbs face and trunk and the 
Brooke and Vignos score. The MFM was correlated to all the 
MRC scores, except for the face muscular strength score. The 
author’s conclusion was that the MFM is useful in the evalua-
tion of adult patients with myopaties, and they recommend-
ed the separated use of the three dimension scale24.

Similarly, ours results showed moderate to strong corre-
lations between the MRC scores and the MFM scale dimen-
sions at the initial and final evaluations. It means that the 
two scales are concordant allowing the use of the MFM scale 
as a choice scale in the follow-up of DMD patients, because 
it is more objective and allows the assessment of the motor 
function. Differently, the MRC is applicable exclusively for the 
muscle strength measure with a more restrictive clinical use.

Another relevant aspect of the MFM scale is related to 
the spending time for its application. In the original valida-
tion study of the scale, the spending time was in average 36 
minutes. The literature also reports average time for MFM 
application from 30 to 40 minutes14. In the current study, the 

averages were 22.9 minutes and 18.9 minutes in the initial 
and final evaluation, respectively.

Some factors, such as the professional training and the 
patient’s level of understanding and collaboration, can inter-
vene in the time of application of the MFM. Moreover, the in-
ability to walk and stay in upright position leads to the impos-
sibility of implementing some D1 items, which will be scored 
as zero, and consequently there will decrease the time of ap-
plication. Considering that 60% of ours patients were non-
ambulatory, this fact could be directly related to the short 
time spent in the MFM application here.

This research presents some limitations, including the 
fact that trunk strength was not evaluated.

The current results indicate that MFM can be used to the 
assessment and for monitoring the follow up of DMD patients, 
even in a short interval of time, with reliable and reproducible 
results, as described in the literature18,22-24. As it is a method for 
clinical-functional assessment with good relation with the MRC, 
it is suggested that it can be very useful to check and follow up 
of DMD patients and treatment that may arise. Furthermore, it 
is emphasized that it is an easily applicable scale, requiring little 
time for the assessment (on average 20 minutes), well tolerated 
by patients and does not imply high financial expenditures. 

In conclusion, the MRC scale showed changes in the scores 
of proximal upper limbs muscles strength in the interval of six 
months. Concerning the functional assessment by the MFM, 
it was noticed more impairment in the D1 score, and in non-
ambulatory patients there was lost in D3 of the MFM.

The moderate to strong correlations between the MRC 
and MFM scales show that they are concordant and suggest 
that the MFM scale can be useful in the follow-up of DMD 
patients. 

It is noteworthy that instruments for the functional as-
sessment of the patients, such as MFM, are more suitable for 
monitoring DMD patients by enabling the early detection of 
motor disorders, guiding the interventions needed to opti-
mize the motor function and to improve the patients adap-
tation in their daily life activities. Furthermore, such instru-
ments will also be useful to the assessment of the response to 
the different forms of treatment for the arising DMD.
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