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Abstract
Objective: To present and discuss the outcomes in the literature regarding the process of motor learning and/or motor ability in people
with Duchenne muscular dystrophy (DMD).

Method: A timeless search was performed in the electronic databases PubMed and BVS (Virtual Health Library), with the keywords “Duchenne muscular dystrophy” (Duchenne Muscular Dystrophy), “motor
learning” (learning engine), “motor skills” (ability motor). We used the
Boolean AND/OR, and/or to give more specific research and sensitivity to the survey, and papers were only accepted in Portuguese and
English. The studies were reviewed independently by two researchers,
and after reading the titles and abstracts, they identified the works
that were included for analysis and scoring.

Results: The search yielded 18 articles and four studies met all inclusion criteria. The results show that DMD maintains motor learning
patterns, even with the progressive dysfunction. They also focus on
lower performance compared to individuals with normal development. However, there are differences in the impact and magnitude
of the influence of factors such as cognitive ability, deterioration of
the perceptual motor process and kinetic impairment in the motor
learning of people with DMD.

Conclusion: The process of motor learning in people with DMD
remains, even with the progressive nature of the disease, and it is
essential to further clarify how this process takes place, as well as the
variables behave.
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Introduction
Duchenne muscular dystrophy (DMD) is an inherited recessive genetic disease characterized by the
absence of dystrophin protein in muscle fiber membrane resulting from mutation of the gene Xp21
[1, 2]. Its incidence is approximately 1 in 3,500 live
birth boys [1].
In this condition, the musculoskeletal system gradually degenerates and weakens with age [3]. The
progressive and irreversible weakening of the skeletal, respiratory and cardiac muscles leads to a severe
physical disability and shorter life expectancy [4].
Due to the progressive nature of the disease, the
person is confined to a wheelchair from about 10
to 13 years old [5, 6].
With the evolution of the disease, people become increasingly dependent in relation to activities of
daily living (ADL), and require greater assistance and
care [7]. To enable a person with DMD to achieve
greater functionality in everyday tasks, the existence of studies investigating therapeutic interventions
and their effectiveness in terms of rehabilitation,
taking into account the needs and specificities of
the disease’s progression, is critical.
Currently, there exist several studies on DMD
phenotype and genotype [2, 8], heart problems
[9], postural adjustments [10], physical training [7],
multidisciplinary clinical evaluations [11], therapeutic treatments [12], pharmacological treatments [1315], gross motor function and functional disability in
terms of mobility, self-care and social function [16].
However, proposals to enable increased functionality through knowledge through motor learning have
hardly been explored [17, 18].
Motor learning is a phenomenon that refers to a
relatively permanent change in the internal capacity
to hold motor skills. These changes occur to ensure
achievement of the target and are the fruit of experience and practice, resulting in the acquisition,
retention and transfer of motor skills [19]. However,
motor learning can be inferred from performance in
motor skills, while their improvement can be obser-
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ved through greater coherence and fluency of movement, decreased runtime error and a reduction
in the total movement time to perform a task [20].
Changes in motor development are characterized by deficits in several areas, such as: fine motor,
overall balance, body schema and spatial-temporal
organization [21]. Speculation about how to effectively organize practice has been made in recent
decades in the context of motor learning. As current
information on motor learning becomes available,
professionals evaluate the principles that form the
basis for intervention and replace old and outdated
ideas with newer principles.
Given the motor difficulties in muscular dystrophy, it is important to develop researches for clinical
and knowledge of DMD about motor learning and
this can be done through systematic reviews. Nonetheless, two systematic review studies on DMD
[1] claim that the improved cardiac aspect, attention to respiratory function and the judicious use of
spinal correction surgery can lead to increased survival among the population, and other study [22] reviewed the breathing treatments needed to increase
lung function in Duchenne muscular dystrophy.
Therefore, to support the clinical need and fill the
knowledge gap on the subject, the purpose of this
study was to analyze research findings about “motor learning and/or motor ability” in people with
“Duchenne muscular dystrophy”.

Method
Selecting the articles involved three steps. The first
step was looking for articles in databases by reading
the titles and abstracts. The second step was excluding works by title or abstract, and our inclusion
criteria. The third and final step was analyzing the
eligible works. (Figure 1).
The research was carried out using PubMed
and BVS (Virtual Health Library). With regard to
keywords, we included articles that showed the
terms “Muscular Dystrophy,” “Duchenne,” “motor learning” and “motor abilities.” We used the
This article is available at: www.intarchmed.com and www.medbrary.com
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Figure 1: 3 Steps.
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and abstract
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work by certain
criteria

Boolean AND to carry out specific research. In
the same way as Snider, Majnemer and Darsaklis
(2010) and Massetti et al. (2014) [23, 24], we used
a search strategy based on PICOs-P: patient; I: intervention; C: comparison; O: outcomes; S: studys,
which is used to locate and compare different studies. (Figure 2).
The following were used as inclusion criteria for
the studies: 1. Participants of any age, diagnosed
with DMD; 2. Studies observing the motor learning
Figure 2: PICOs strategy.

Step
3

Analysis of
eligible
studies

and/or motor abilities of this population. The inclusion of research criteria were: 1. Articles published
at any time in the aforementioned databases; 2.
Summaries of the articles are available in English.
Articles that could not be located entirely were excluded.
According to the recommendations of [24, 25]
to increase reliability in the selection of items, all
potentially relevant were reviewed independently by
two researchers, who, after a full reading, agreed
to identify which articles met the inclusion and exclusion criteria.

PICO
Population: Duchenne muscular dystrophy

Results

Intervention: various interventions
Comparator (control):
Outcome: results of motor learning and/ or motor abilities

The search resulted in 32 articles found in databases;
27 were deleted by title and abstract, leaving five
articles for this study (Figure 3) (Table 1) (Table 2).

Study design(s): clinical trials, case-control, cross-sectional,
case reports and case series.

Figure 3: Extraction process and selection of papers.
"Duchenne Muscular
Dystrophy" AND "Motor
learning" or abilities motor
32 articles

Accepted in
the study
5 articles

After reading the titles,
remained
27 articles

After reading
the abstracts
5 articles

Main grounds for exclusion: Methodology do not involve
motor learning studies with other dystrophies, in animal
studies and had the following keywords "Duchenne muscular
dystrophy", "motor learning" or "motor habilities".
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Table 1. Outline methodology of the studies analyzed.
Study reference

Nature

Sample

Frequency and duration

Jansen M
et al. 2010 [7]

Randomized
controlled trial

30 boys with a DNA-established diagnosis
of DMD will be included.

Six-month physical training during which boys train their legs and arms with active and/
or assisted cycling training equipment.

Parreira SL
et al. 2007 [26]

Clinical trial

32 patients with Duchenne muscular
dystrophy (DMD), aged between 5 and 12.

Assessments were made monthly for the first six months and with intervals of two
months thereafter until the 14-month endpoint

Parreira SL
et al. 2010 [27]

Clinical trial

90 patients with DMD (aged 5–12 years).

The patients were evaluated in a unique opportunity by using the Hammersmith motor

Cincotti
et al. 2008 [6]

Pilot study

14 patients with severe motor disabilities.

The training consisted of weekly sessions, for a period ranging from 3 to 4 weeks.

Nakafuji and Tsuji,
2001 [3]

Clinical trial

18 patients with DMD and 28 without
(control subjects).

tests 10

Table 2. Main outcomes.
References

Main Outcomes

Jansen M
et al. 2010[7]

The primary study outcomes are muscle endurance and functional abilities, assessed with the Six-Minute Bicycle Test and the Motor Function Measure. The
primary study outcome is functional abilities of the upper extremity, assessed with the Action Research Arm Test

Parreira SL
et al. 2007 [26]

We conclude that a swift and objective assessment may be performed using the MRC (Medical Research Council) scale for lower limbs and trunk, the
Hammersmith motor ability score, timed nine-metre walk and weight lifts.

Parreira SL
et al. 2010 [27]

In patients with DMD aged five to 12 years the progression of the disease is delayed by steroids and motor function is less reduced than muscular strength.

Cincotti
et al. 2008 [6]

The authors report’ a pilot study in which a system has been implemented and validated to enable people with disabilities to improve or recover their mobility
(directly or through emulation) and communication within the surrounding environment. The system was controlled by voluntary modulation of sensory
subjects of EEG rhythms recorded on the scalp; this skill was learned, even if the subjects had no control over their members for a long time.

Nakafuji and Tsuji,
2001 [3]

This study evaluated motor learning and bilateral transfer of learning. DMD patients and healthy people basically have similar learning; however, lower
performance in DMD patients was associated with kinetic impairment and not the deterioration of the perceptual motor process.
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Discussion
Motor learning is defined as the acquisition of movements as a result of practice with retention tests
and skill transfer. The effects of the practice can be
seen in significant reduction of a task’s execution
time, besides observing a significant improvement
in the quality and organization of movement.
Only one study included in this review seems to
be randomized, but it was not explicit. Procedures
such as data entry or coin toss should be considered
as a form of randomization. Random assignment
ensures that treatment and control groups are comparable (within the limits of “random” events) [28].
Beaton et al. (2007) explain that quasi-randomization of procedures such as those based on hospital
record number, date of birth, does not satisfy this
randomization criterion.
All five studies contained different participants
and sample sizes. The largest population was in Parreira et al. (2010) [27] with 90 patients and the
smallest population was in Cincotti et al. (2008) [6]
with 14 patients. The number of participants is of
great importance in order to be able to portray the
population that is being studied; however, when we
talk about disabled patients, we know that most
samples are convenience samples.
With regard to motor learning and Duchenne
muscular dystrophy, Nakafuji and Tsuji (2001) [3]
“Observed the perceptual motor learning and bilateral transfer a task in people with DMD, compared
to individuals with normal development. It was observed performance improvement (learning curve)
the dominant hand and quality of bilateral transfer.
The results showed that people with DMD presented a perceptual motor learning curve similar to individuals with typical development but with lower
performance. The relatively low performance on the
task appears to be attributable to kinetic disability
rather than the deterioration of the central nervous
system process.”
Nakafuji and Tsuji (2001) emphasize that perceptual motor learning and its bilateral transfer could
© Under License of Creative Commons Attribution 3.0 License
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be a promising indicator settings mechanism of
operation for the external environment and for the
control of appropriate motor responses, thereby indicating that the learning process can show flexibility in the coordination of visual and motor areas of
the cerebral cortex [3].
According to Van der Weel et al. (1991) [29], motion is not an independent process, but is usually
an integral part of one act. The quantity or quality
of movement that a person produces will depend
not only on peripheral factors such as the limits of
muscle activity, but also on their draping ability (depending on practice), interest in pursuing the action
and the quality of information available to control
movement.
The study by Parreira et al. (2010) confirmed that
in terms of motor function, the progression of the
disease in the treated patients was slower than that
observed along the natural course and also that the
Hammersmith scores showed a stabilization across
the different ages [27].
Cyrulnik, S. E. et al. (2008) [30] aimed to investigate the adaptive behavior and cognitive skills in
children with DMD. Previous studies have documented specific language deficits in older children
with DMD, but there are few data on younger
children. Therefore 20 children with DMD between
3 and 6 years old and 20 typically developing children were part of the research. The results indicate that children with DMD are classified as backward compared to the control group in adaptive
functioning measures. In addition, children with
DMD have deficiencies in several cognitive measures, including measures of receptive language,
expressive language, visual-spatial skills, fine motor
skills, attention and memory skills, and in all areas
analyzed, the performance of the children with
DMD was worse [30].
The study of Parreira et al. 2007 [26] made
use of steroids and described improved MS (muscle strength) and functional abilities, or prolonged ambulation periods. Moreover, they also
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highlighted that in addition to there being effective improvements between the third and sixth
months of therapy, this was also followed by a
period of stability and deceleration of the loss
process, a finding that was replicated in the majority of patients seen.
Due to the many affections caused by disease
progression, the quality of life of people affected
with DMD is quite low. This leads to a greater dependency in activities of daily living (ADL), and the
need for greater assistance and care [31].
In an attempt to unite the knowledge of motor learning with the modernity arising from technological advances, and bearing in mind the
benefits that computing can provide in terms of
the functionality of individuals with DMD, one of
the possibilities for checking motor learning lies in
tasks related to interactive computer systems. In
this regard, computer systems have proved to be
useful since they may enhance the sense of independence of the patient, enabling them to improve
communication, home environment management
and mobility, in accordance with the residual motor skills of the user.
Among the technologies that can be used as
a facilitator of daily activity are brain-computer
interfaces (BCIs). BCIs are systems that can translate the brain activity signals that control external
devices. Thus they can represent the only technology for severely paralyzed patients to increase or maintain their communication and control
options [6].
The study of Cincotti et al. (2008) [6] was based on a software controller that offers the user a
communication interface that is matched with the
individual’s residual motor abilities in studied patients (n=14) with severe motor disabilities. Due to
progressive neurodegenerative disorders trialing a
prototype system under a rehabilitation programme was carried out in a house-like furnished space.
All users utilized regular assistive control options
(e.g. microswitches or head trackers). In addition,
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four subjects learned to operate the system by
means of a noninvasive EEG-based BCI. The authors
concluded that such a prototype system, which
integrates several different assistive technologies
including a BCI system, can potentially facilitate
the translation from preclinical demonstrations to
a clinically useful BCI.
The outcomes of the analyzed surveys show by
consensus that people with DMD maintain standards of motor learning, even with the progressive
dysfunction, but always perform to a lower level
than groups of people with typical development.
However, the works present different results regarding the impact of cognitive skills in the deterioration of the perceptual motor process in the motor
learning of people with DMD.

Conclusion
Studies evaluating motor learning in DMD are
recent, and have sought to understand how the
learning process occurs in these patients. In this
review, it was shown that despite the functional
limitations that accompany DMD to a greater or
lesser extent, depending on other variables such
as drug intervention, these patients may still learn
motor tasks, showing similar patterns to individuals
not compromised with the disease, although with
lower performance. It was also noted that different
instruments can be used in the training of motor
skills, from conventional physical therapy to virtual
reality therapy, with positive outcomes on motor
learning.
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