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Abstract 
Background: Duchenne muscular dystrophy (DMD) is a 

genetic disorder affecting many males in India, necessitating a 

multidirectional management approach focused on enhancing 

the quality of life. Physiotherapy play crucial roles in 

management; however, there is a lack of recommended 

exercises for DMD. Therefore, this study aimed to investigate 

the impact of low-intensity aerobic exercises on physical 

activity and lung function in children with DMD. 

Materials and Methods: A randomized controlled trial was 

conducted with 66 DMD children. The participants were 

divided into three groups: Group I received low-intensity 

aerobic exercises, Group II performed a range of motion 

exercises, and Group III underwent conventional exercises. All 

groups followed a 60-minute exercise regimen, and each child 

received a home program. The study spanned ten weeks. 

Result: The data collected included physical activity 

assessments using the Physical Activity Questionnaire for 

Children (PAQ-C) and lung function measurements utilizing 

spirometry (FVC, FEV1, FEV1/VC). Assessments were 

conducted at baseline, after 10 weeks, and at the 20th week. 

Parametric tests and Kruskal-Wallis tests were employed for 

data analysis. 

Discussion: The results demonstrated significant 

improvements in physical activity and lung function after the 

intervention. The PAQ-C analysis yielded a Kruskal-Wallis 

test statistic 39.65 (p < 0.001), indicating significant 

differences among the groups. Repeated measures ANOVA 

analysis showed significant improvements in FEV1, FVC, and 

FEV1/FVC with F values of 252.945, 31.43, and 78.35, 

respectively. 

Conclusion: Compared to the range of motion and 

conventional exercises, low-intensity aerobic exercises yielded 

superior results. Therefore, incorporating low-intensity 

aerobic exercises into managing Duchenne muscular 

dystrophy could be beneficial. 

Keywords: Duchenne muscular dystrophy, Low intensity 

aerobic exercsies, Range of motion exercises, Physical training 

in children, Lung funcitons.  
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Introduction  

         Duchenne Muscular Dystrophy 
(DMD) is a genetic disorder that 

predominantly affects children. DMD is 

characterized by gradual muscle weakness 

and degeneration due to a mutation in a 

protein called dystrophin, vital in 

developing healthy muscle cells. It is the 

most common and debilitating disease, with 

a prevalence of 15.9 to 19.5 new borns per 

100,000 (Jean, 2014). Fairclough (2011) 

reported that the dystrophin gene mutation 

leads to the deficiency of the dystrophin 

protein, causing an X-linked recessive 

illness that affects one in every 3500 

children. DMD is a rare inherited muscle 

disorder that weakens skeletal muscles 

(Emery, 2002). 

The absence of dystrophin protein is 

observed in most DMD patients. 

Dystrophin, which plays a crucial role in 

muscle as a connection between the 

extracellular matrix and the internal 

cytoskeleton, becomes unstable without 

dystrophin, reducing member protein levels 

(Straub, 1997). This instability causes 

membrane leakage and gradual fibre 

degradation. The loss of DAPC's signalling 

function also results in altered pathology in 

muscle (Blake et al., 2002). Goldstein 

(2010) found that the absence of dystrophin 

makes the plasma membrane more friable, 

slightly rigid, and leaky, which exposes 

dystrophin-deficient muscle to 

hypoosmotic conditions and leads to 

membrane blebbing.  

In skeletal muscle, fibrosis is most 

commonly associated with muscular 

dystrophies, a clinically and molecularly 

heterogeneous group of diseases. The loss 

of myofibers is typically caused by necrotic 

cell death, coupled with fibrosis that 

gradually replaces myofibers. However, the 

mechanisms for repairing membranes may 

be active, and restored muscle fibres may 

display a dysfunctional intracellular  

 

membrane. The extracellular matrix's 

remodelling of surviving muscle fibres also 

damages muscle function (Petrof, 1993). 

Currently, there are no specific 

treatments for DMD, and the only aim is to 

address problems and symptoms 

(Birnkrant, 2018). However, several drugs 

have been utilized to treat DMD and 

prevent further deterioration. Additionally, 

gene and steroid therapy has been 

discovered as treatments that help control 

dystrophin protein levels and restore 

muscle function (Bushby, 2009). 

            Physiotherapy plays a crucial role in 

DMD, preventing musculoskeletal issues 

and maintaining muscle contractility, 

improving joint mobility, maintaining 

symmetry, and preventing or minimizing 

contractures and deformities at all stages 

(Bushby, 2010; Birkrant, 2018). However, 

the effect of exercise on DMD remains 

questionable (Ansved, 2001; Lindeman, 

1999), especially since muscles are weaker 

in DMD. Aerobic exercises are 

recommended to improve cardiovascular 

fitness and muscular endurance (Punia, 

2016). These exercises use significant 
muscle groups and improve oxygen 
consumption in the body. They may be low- 
intensity and use carbohydrates as an 

energy source, which are converted to 

energy using ATP at the mitochondria. 

Mitochondria generally rely on oxygen to 

metabolize carbs, proteins, and fats 

(McArdle, 2006). Meta-analyses show that 

aerobic exercises significantly change 

muscle strength, improve fitness, and 

enhance the quality of life (Reiner, 2013; 

Ueshima, 2010).  

Since no studies compare aerobic 

exercises to DMD, studies on aerobics are 

done extensively for the older population 

and cancer patients. Since the effect of the 

treatment remains the same, this study tries
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to identify the role of aerobics in DMD 

children. So, the study aims to identify the 

effect of low-intensity aerobic exercises on 

lung functions and physical activity in 

children with DMD. 

Materials and Methods 

The study is a randomized trial with 

three active treatment groups, conducted at 

the Institute of Muscular Dystrophy and 

Research Center, Jeevan Foundation, 

Veeravanalur, Tirunelveli District, Tamil 

Nadu, India. The participants were selected 

from a cluster of children and randomly 

allocated into the three groups with equal 

numbers. The sampling method used was 

systematic sampling. The study aimed to 

evaluate the effectiveness of different 

therapies on boys aged 6 to 13 years 

diagnosed with Duchenne muscular 

dystrophy (DMD) based on DNA study.  

           The inclusion criteria included boys 

in the ambulation phase who could perform 

daily activities with minimal support and 

took less than five seconds to get up from 

the floor. The sample size of 66 children 

was determined based on a previous study 

by Alemdaroğlu et al. (2015) using a 95% 

confidence interval. However, specific 

details regarding the sample size 

calculation method used in the previous 

study.  

            The study employed single-

blinding, where the researcher had 

knowledge of the therapy, but the 

participants remained blinded. The 

participants were thoroughly assessed, and 

those meeting the selection criteria were 

included in the study. The random 

allocation into the three treatment groups 

was done using computer-assisted 

evaluation. Before beginning the trial, 

parents/guardians provided written consent, 

and the children were randomly assigned  

into three groups. Group I consisted of 

twenty-two children who underwent low- 

intensity aerobic exercises for sixty minutes 

with frequent rest periods. Group II 

consisted of twenty-two children who 

underwent range of motion exercises for 

sixty minutes with frequent rest periods. 

Group III consisted of twenty-two children 

who underwent conventional 

physiotherapy for sixty minutes with 

frequent rest periods. All the groups 

underwent 30 minutes of regular 

physiotherapy. The study was conducted for 

20 weeks on alternate days, and a separate 

physiotherapist was deputed to conduct the 

study for the three groups. 

All the treatment programmes are 

provided without disturbing their regular 

school schedules. The home programme is 

also taught to the children, parents or 

guardians, and the therapist monitors them 

frequently through video or telephone. 

Every child will take the exercise 

programme for six months, 20 weeks. 

Those who completed the 20-week 

schedule were taken for the final analysis, 

and the blinded researcher collected their 

data. 

Group I received, Walking and 

cycling are done for 30 minutes on 

alternative days. With this, exercises for the 

upper and lower limbs are given. This 

exercise programme was applied for two to 

three sets of 5—10 repetitions which 

includes leg press, Hip forward flexion, hip 

forward and backward movements, hip 

sideward movements, hip rotations, knee 

curls, ankle movements, ankle circles, toe 

curls for the lower limbs and bench press, 

shoulder movements in all directions, 

diagonal movements of the shoulder, elbow 

bending, wrist circles, finger curls and 

thumb movements for upper limbs. 

Repetitive breaks were given during these 

exercises to prevent fatigue. Participants 

exercised 3 days a week for the first 3 

weeks, 4 days a week for the next 5 weeks,
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 and 5 days a week afterwards. The 

children's exercise program lasts 60 

minutes (Cup, 2007; MacInnis, 2017).        

          Group II receives an active range of 

motion exercises that should be performed 

on every joint. All the joints should be 

moved for ten counts and repeated twice 

daily—active or active assisted range of 

motion exercises to be imparted to each 

joint. Forearm supination, pronation, 
shoulder flexion, extension, abduction, and 

adduction are all subjected to active range 

of motion exercises. Finger forward 

bending, abduction, adduction, and 

extension; flexing the wrist, extension, and 

rotations. Alternatively, bending forward of 

the hips, backwards swinging, inwards and 

outward movements, knee bending, ankle 

forward and backward motions, subtalar 

inversion and eversion, and toe flexion and 

extensions are all movements of the lower 

extremity. In the spine, cervical flexion, 

extension, lateral flexion and rotations, and 

lumbar spine flexion and extension (Vignos 

et al., 1996).  

              Group III receives, conventional 

physiotherapy which included range of 

motion exercises, stretching exercises and 

postural correction exercises. All the joints 

should be moved for ten counts and 

repeated twice daily—active or active 

assisted range of motion exercises to be 

imparted to each joint. Stretching needs to 

hold for 15 seconds three time (Mayhew et 

al., 2013).  

           All the participants underwent a 

respiratory exercise. These exercises were 

given to all the participants. The parents 

were also taught about the technique and 

advised to monitor the children when they 

do the exercises. Respiratory exercises have 

started with deep breathing exercises (Ma et 

al., 2017). 

 

      The outcome measures for the study 

were lung functions, measured using a 

spirometer, and physical activity, measured 

using the Physical Activity Questionnaire 

for Children (PAQ-C). The data were 

collected at regular intervals and were taken 

for analysis. Day 1 data was considered the 

pre-test, the 10th-week data was the post-

test I, and the 20th-week data was the post-

test II. SPSS 22.0 was used to analyze the 

collected data. 

Results 
                   Table I Descriptive data  

 

Table I shows the demographic analysis of the 

participants in all the groups. This table shows 

that the participants average age is 6.45 years, 

this study includes first child and second child 

as well. 

                      Table II Test of Normality 

 

Table II shows the test of Normality using 

Shapiro-Wilk test, it shows that there is no 

significance difference in between the pre test 

groups prior to the start of the treatment.  

Shapiro-Wilk test 

 Statistic df Sig. 

FEV1.PRE 

TEST 

0.911 48 0.001 

FVC.PRE TEST 0.944 48 0.023 

FEV1/VC.PRE 

TEST 

0.901 48 0.001 

Shapiro-Wilk test 

 Statistic df Sig. 

FEV1.PRE TEST 0.911 48 0.001 

FVC.PRE TEST 0.944 48 0.023 

FEV1/VC.PRE 
TEST 

0.901 48 0.001 
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   Table III: Non-Parametric Analysis for PAQ-C using Friedman’s Two-way analysis 

*Denotes statistically significance 

Table III shows the non-parametric analysis for the PAQ-C scale using Friedman’s two-way 

analysis of variance by ranks between the pre-test, post-test I, and post-test II. This table shows that the 

ROM and Conventional groups don’t provide significant results between the test values. Further, the post 

hoc test was conducted to identify the group differences.     

               Table IV: Repeated measures ANOVA for FEV1—Within group                              

* Statistically significant @ 0.05% level       ** Statistically not significant @ 0.05% level 

                      Table V: Repeated measures ANOVA for FVC—Within groups 

* Statistically significant @ 0.05% level         ** Statistically not significant @ 0.05% level  

Table VI: Repeated measures ANOVA for FEV1/ FVC—Within groups 

* Statistically significant @ 0.05% level                ** Statistically not significant @ 0.05% level 

             Tables IV, V and VI show the within-group analysis using the repeated measures ANOVA. The 

LIAE group shows significance in all the values (FEV1, FVC & Fev1/FVC), whereas the other groups 

don’t produce a significant result.  Further, the post hoc test was conducted to identify the group 

difference

 LIAE Group ROM Group Conventional Group 

Total N 22 22 22 

Test Statistic 28.795 0.2727 0.0682 

Degree of Freedom 2 2 2 

Asymptotic Sig. (2-sided test) 0.0001* 0.872 0.9965 

Groups 
Pretest  

Mean ± S.D 

Post-test I Mean 

± S.D 

Post-test II 

Mean ± S.D 
F value p value 

LIAE 27.32 ± 9.97 35.95 ± 9.22 41.18 ± 8.36 264.59 0.0001* 

ROM 27.18 ± 9.45 27.32 ± 9.70 27.36 ± 9.80 2.294 0.1134** 

Conventional 27.09 ± 9.49 27.14 ± 9.52 27.23 ± 9.95 2.49 0.0949** 

Groups 
Pretest  
Mean ± S.D 

Post-test I Mean 
± S.D 

Post-test II 
Mean ± S.D 

F value p value 

LIAE 32.32 ± 6.97 35.31 ± 8.62 37.32 ± 12.56 38.076 0.0001* 

ROM 32.33 ± 5.83 32.40 ± 5.93 32.42 ± 6.05 2.814 0.0713** 

Conventional 32.27 ± 6.64 32.30 ± 6.73 32.32 ± 6.83 2.594 0.0866** 

Groups 
Pretest  

Mean ± S.D 

Post-test I Mean 

± S.D 

Post-test II 

Mean ± S.D 
F value p value 

LIAE 44.41 ± 4.61 45.05 ± 3.99 48.64 ± 4.83 85.577 0.001* 

ROM 44.45 ± 4.92 44.50 ± 4.90 44.59 ± 4.58 2.492 0.0949** 

Conventional 44.36 ± 5.11 44.41 ± 5.30 44.45 ± 5.30 1.537 0.227** 
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          Table VII: Non-Parametric Analysis for PAQ-C using Kruskal-Wallis Test 

       *Denotes statistically significance 

       Table VII shows the Kruskal-Wallis analysis for the PAQ-C to compare the Posttest I & 

Posttest II values between all the groups. The calculated test statistics show marked 

significance at 0.001. Further, this implies that the LIAE group significantly improves PAQ-C 

than the other two groups. 

Table VIII: Repeated measures ANOVA for FEV1—Between groups 

*Statistically significant @ 0.05% level 

          Table VIII shows the between-group analysis using repeated measures ANOVA. It was 

inferred from the table that marked significant differences exist among the groups on the post-test 

I value and post-test II values. The LIAE group shows significance in all the values (FEV1, FVC 

& Fev1/FVC), whereas the other groups don’t produce a significant result.  

Discussion 

           Muscle diseases, such as Duchenne 

muscular dystrophy (DMD), are inherited 

disorders caused by gene mutations 

(Mercuri & Muntoni, 2013). Unfortunately, 

there is currently no cure for DMD, and the 

best available treatment options aim to 

extend the lifespan of affected children 

(Arora, 2019). However, low-intensity 

aerobic exercise has been found to offer 

numerous benefits to individuals with 

various disorders, including those with 

DMD. 

One of the main advantages of low-

intensity aerobic exercise is that it improves 

health-related quality of life (HRQOL). 

When individuals engage in low-intensity 

aerobic exercise, oxygen flow to their 

muscles increases, allowing physiological 

processes to continue without undue fatigue.

 Post-test I Post-test II 

Total N 22 22 

Test Statistic 23.988 39.695 

Degree of Freedom 2 2 

Asymptotic Sig. (2-sided 

test) 
0.0001* 0.0001* 

Groups Outcomes LIAE ROM Conventional  F value p value 

Post-test I 

Mean ± S.D 
FEV1 

45.05 ± 3.99 44.50 ± 4.90 44.41 ± 5.30 98.236 0.001* 

Post-test II 

Mean ± S.D 
48.64 ± 4.83 44.59 ± 4.58 44.45 ± 5.30 252.945 0.001* 

Post-test I 

Mean ± S.D 
FVC 

35.31 ± 8.62 32.40 ± 5.93 32.30 ± 6.73 14.41 0.001* 

Post-test II 

Mean ± S.D 
37.32 ± 12.56 32.42 ± 6.05 32.32 ± 6.83 31.43 0.001* 

Post-test I 

Mean ± S.D FEV1 / 

FVC 

45.05 ± 3.99 44.50 ± 4.90 44.41 ± 5.30 3.967 0.001* 

Post-test II 

Mean ± S.D 
48.64 ± 4.83 44.59 ± 4.58 44.45 ± 5.30 78.35 0.001* 
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(Shahana et al., 2010). This increase in 

blood flow also promotes the formation  of 

additional blood vessels, allowing for even  

greater oxygen delivery to the muscles 

during exercise Aerobic exercise can also 

cause physical adaptations in the muscles. 

For example, it can alter the cross-sectional 

area of slow-twitch muscle fibers, leading 

to increased muscular endurance 

(Abernethy et al., 1990). In addition, 

Terjung (1995) found that aerobic exercise 

can positively impact bone mass and 

minerals. Exercise can also help mobilize 

fat and enhance the body's ability to oxidize 

fat using muscle enzymes (Wilmore and 

Costill , 2005). 

Research has also shown that low-

intensity aerobic exercise can significantly 

improve body composition, cardiovascular 

function, and muscular endurance. For 

example, a study by Mahendran et al. 

(2009) found that 12 weeks of aerobic 

exercise improved body composition, 

cardiovascular function, and muscular 

endurance. Similarly, a study by Esleman et 

al. (2022) found that 12 weeks of aerobic 

training significantly improved 

cardiovascular fitness and body 

composition in school students. 

Low-intensity aerobic exercise is 

any physical activity that increases heart 

rate and respiratory volume to meet the 

oxygen demand of the muscles during 

contraction (Wu et al., 2020). Because it 

strengthens respiratory muscles like the the 

diaphragm and intercostals, low-intensity 

aerobic exercise can also enlarge the chest 

and improve lung capacity (Bassi et al., 

2015). In addition, this type of exercise can 

increase VO2 max and help activate 

previously inactive alveoli, improving 

overall lung function (Park et al., 2017). 

Finally, research has shown that 

low-intensity aerobic exercise can help 

improve various lung function parameters 

in children with DMD. For example, Lee 

(2016) found that repeated inspiratory and 

expiratory stimulation during exercise 

increased alveolar compliance, improving 

forced vital capacity (FVC). Similarly, 

studies by Song et al. (2016) and 

Rawashdeh (2018) showed that exercise 

helped restore respiratory and trunk 

muscles, improving FEV1/FVC. 

Overall, the benefits of low-

intensity aerobic exercise on physical 

activity and lung function in children with 

DMD are clear. A recent study found a 

strong positive relationship between low-

intensity aerobic exercise, physical activity, 

and lung function parameters in children. 

The low-intensity aerobic exercise group 

showed significant improvement in all 

parameters compared to the other groups. 

Based on the statistical analysis and 

previous research, it is clear that low-

intensity aerobic exercise can significantly 

improve physical activity and lung function 

in children with DMD. 

Conclusion 
Based on the study's findings, it can 

be concluded that low-intensity aerobic 

exercises are the most effective intervention 

for improving lung function and physical 

activity in children with Duchenne 

muscular dystrophy. At the same time, 

conventional and range-of-motion 

exercises were less effective than low-

intensity aerobic exercises. Therefore, 

healthcare professionals and caregivers 

should consider incorporating low-intensity 

aerobic training into the treatment plans for 

children with Duchenne muscular 

dystrophy to improve their overall physical 

health and well-being. These findings 

highlight the importance of incorporating 

low-intensity aerobic exercises into the 

treatment and management plans for 

individuals with this condition. Further 

research and exploration could provide 

additional insights and optimize exercise 

interventions for better outcomes in 

Duchenne muscular dystrophy patients. 
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