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Abstract: Duchenne muscular dystrophy (DMD) represents a severe genetic disorder characterized by progressive 
muscle weakness and wasting. We present a case of a healthy male offspring coming from a mother carrier with the 
mutation c.9568c>T, p.Arg3190, depicting an  extremely rare case. At the same time, it will provide a comprehensive 
review of the current understanding of the disease, including its etiology, pathophysiology, clinical features, diagnostic 
methods, and management strategies. The review section highlights the genetic basis of DMD, emphasizing mutations 
in the dystrophin gene and its consequences on muscle structure and function.  Additionally, the pathophysiological 
mechanisms leading to muscle degeneration, such as impaired calcium homeostasis and increased oxidative stress, are 
discussed. Diagnostic methods, including genetic testing, muscle biopsy, and imaging techniques, are outlined, along 
with their respective limitations and benefits. Lastly, various management approaches are examined, ranging from 
symptomatic treatment, physical therapy, and assistive devices to emerging therapeutic strategies such as gene therapy 
and exon skipping. Through this case report and review, we aim to enhance the understanding of DMD and facilitate 
improved diagnosis and management of affected individuals. 

Keywords: Duchenne Muscular Dystrophy, Case Report, Review, Genetic Disorder, Dystrophin Gene, Muscle 
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INTRODUCTION 

Duchenne muscular dystrophy (DMD) is an X-

linked recessive disorder that primarily affects males 

(Birnkrant, Bushby, Bann, Apkon, et al., 2018), with an 

estimated incidence of 1 in 3,500 to 5,000 male births 

(Ward and Birnkrant, 2018; Crisafulli et al., 2020). It is 

caused by mutations in the dystrophin gene located on 

the X chromosome, leading to the absence or 

dysfunction of the dystrophin protein (Salmaninejad et 

al., 2018). DMD is characterized by progressive 

muscle weakness, starting from early childhood and 

resulting in loss of ambulation and respiratory 

complications in the late stages (Rivera et al., 2020). 

This case report aims to present a detailed clinical 

description of a patient with DMD and provide a 

comprehensive review of the current understanding of 

the disease. 

CASE REPORT 

Based on the patient's medical history obtained at 

the hospital and the clinical examination, the patient, 

Caucasian aged 32, (G3, P2), carries a pathogenic 

missense mutation in the dystrophin gene (DMD), 

specifically the mutation c.9568c>T, p.Arg3190.  

After her carrier confirmation, it is assiduously 

verified of her muscular dystrophy’s family history. 

First Pregnancy: During her first pregnancy, 

increased nuchal translucency was detected on 

ultrasound, prompting a CVS that revealed a male 

fetus carrying the DMD mutation. Consequently, the 

pregnancy was terminated. 
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Second Pregnancy: In her second pregnancy, 

CVS identified a female carrier embryo. This 

pregnancy progressed uneventfully, resulting in the 

birth of a healthy, fully functional baby girl. 

Third Pregnancy: The patient presented at the 

clinic for the first time. She did not present with a 

history of diabetes, hypertension, thyroid disease, 

cardiomyopathy, asthma, autoimmune diseases, 

allergies, neurologic diseases, psychiatric diseases, 

or urinary problems. She did not smoke or consume 

alcohol. A breast lipoma was noted on her left breast. 

Her Pap test smear in 2020 was normal, and an 

indirect Coombs test was negative. Her blood group 

and Rh factor were A+. 

An ultrasound at 11-13+6 weeks showed a crown-

rump length (CRL) of 66 mm, nuchal translucency 

(NT) of 1.90 mm, a pulsatility index (PI) of the ductus 

venosus of 0.88, an anterior placenta, and a visible 

nasal bone. CVS was again performed. This time, the 

results indicated a healthy male fetus with no 

mutations in the DMD gene like identified in the 

mother’s family history. The chorionic villus sampling 

showed a male embryo karyotype of 46,XY without 

any apparent structural or numerical chromosomal 

abnormalities.  

A Doppler ultrasound at 31+2 weeks revealed 

increased resistance in the uterine arteries with 

normal embryo anatomy, as well as normal umbilical 

and middle cerebral artery (MCA) findings. 

The woman delivered a healthy male infant at 33 

weeks of gestation. 

In this context, it is important to understand that 

Duchenne muscular dystrophy represents a genetic 

disease that follows an X-linked dominant inheritance 

pattern. This means that males who inherit the 

mutation  in  this  gene  will  develop  the disease, while  
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females who are carriers of the mutation can either be 

asymptomatic or exhibit mild symptoms. Since the 

patient's first child is female, it is most likely that she 

will not present a severe form of the disease. 

However, it is important to note that female carriers 

can still transmit the mutation to their offspring. 

REVIEW 

The review section provides an overview of the 

genetic basis of DMD, highlighting the types of 

mutations in the dystrophin gene and their effects on 

protein structure and function. Duchenne muscular 

dystrophy (DMD) is a devastating genetic disorder that 

affects approximately one in every 3,500 to 5,000 

male births worldwide (Nassoro et al., 2020). Named 

after the French neurologist Guillaume Duchenne, 

who first described the condition in the 19th century 

(Kumar Adlakha et al., 2015), DMD is characterized 

by progressive muscle weakness, loss of ambulation, 

and respiratory and cardiac complications. This part of 

the article aims to delve into the multifaceted aspects 

of DMD, including its genetic basis, clinical 

manifestations, diagnostic techniques, management 

strategies, and the latest advancements in research 

and therapy. 

GENETIC BASIS AND 

PATHOPHYSIOLOGY 

DMD is an X-linked recessive disorder caused by 

mutations in the dystrophin gene located on the X 

chromosome (Nowak and Davies, 2004). The 

majority, over 75%, of cases of DMD are commonly 

inherited from the mother, while around 25% of cases 

result from a mutation in the dystrophin gene 

(Birnkrant, Bushby, Bann, Apkon, et al., 2018; 

Shahade, Mundada and Samal, 2022). Dystrophin is 

a vital protein involved in maintaining the structural 

integrity of muscle fibers (Sander et al., 2000; Percival 

et al., 2008; Lai et al., 2009). Individuals with DMD 

either do not produce dystrophin at all or produce only 

a minimal amount of it in their muscles (Sienkiewicz et 

al., 2015). Mutations in the dystrophin gene lead to the 

absence or deficiency of dystrophin, resulting in the 

disruption of the dystrophin-associated protein 

complex and subsequent muscle fiber degeneration 

(Birnkrant, Bushby, Bann, Apkon, et al., 2018). It is 

distinguished by delays in motor skills, weakness in 

muscles, difficulties in breathing, and the inability to 

walk (Andrews and Wahl, 2018). The progressive loss 

of muscle function is attributed to the repeated cycles 

of muscle fiber necrosis, inflammation, and 

subsequent regeneration, ultimately leading to fibrosis 

and fatty tissue replacement. 

The majority of females who are carriers of 

Duchenne muscular dystrophy (DMD) do not exhibit 

any symptoms of the condition (Aartsma-Rus, Ginjaar 

and Bushby, 2016). This is because of a phenomenon 

called random X-chromosome inactivation, where 

approximately 50% of their muscle fibers express the 

dystrophin protein, which is necessary for normal 

muscle function. This inactivation process occurs 

randomly and is a natural mechanism to compensate 

for the presence of two X chromosomes in females 

(Trippe et al., 2014). 

Over time, the percentage of dystrophin-positive 

fibers in carriers can increase. This is believed to 

happen due to a survival advantage of the muscle 

fibers that produce dystrophin (Pegoraro et al., 1995). 

However, it's important to note that this increase is 

relatively rare. In some exceptional cases, DMD can 

manifest in females. This can occur through a 

translocation event involving the DMD gene on the X 

chromosome (Aartsma-Rus, Ginjaar and Bushby, 

2016). Translocation refers to the exchange of genetic 

material between chromosomes (Winerdal et al., 

2020). When the DMD gene is involved in a 

translocation, it can lead to the development of DMD 

in female individuals (Alghamdi et al., 2021). 

X-chromosome inactivation takes place early in 

embryonic development, and the pattern of 

inactivation is inherited by daughter cells. If the X 

chromosome involved in the translocation is 

inactivated, those cells do not survive (Shvetsova et 

al., 2019). As a result, the embryo will only contain 

cells in which the non-translocated X chromosome 

with the unaffected DMD gene is inactivated. 

Consequently, no dystrophin protein is produced in 

these cells, leading to the manifestation of DMD in 

affected females (Aartsma-Rus, Ginjaar and Bushby, 

2016). 

CLINICAL MANIFESTATIONS 

AND DIAGNOSTIC 

TECHNIQUES 

DMD typically presents in early childhood, with 

boys showing delayed motor milestones and 

difficulties in climbing stairs or getting up from the 

floor. As the disease progresses, muscle weakness 

spreads throughout the body, affecting the proximal 

limb and trunk muscles. Children with DMD often 

exhibit a characteristic "Gowers' maneuver," where 

they use their hands to push against their thighs to 

stand up from the floor due to the weakened leg 

muscles (Jansen et al., 2010; Andrews et al., 2018). 

Muscular weakness in DMD primarily impacts the 

muscles closer to the body's core, known as proximal 

muscles, rather than those farther away, called distal 

muscles. As a result, it typically manifests first in the 

lower limbs (Duan et al., 2021). The progression of the 

disease can be categorized into five stages: the 

presymptomatic stage, early ambulatory stage, late 

ambulatory stage, early non-ambulatory stage, and 

late non-ambulatory stage (Ward and Birnkrant, 

2018). Although DMD is typically a genetic disorder, 

there are instances where individuals without a family 

history of the condition can still develop it due to 

independent genetic mutations affecting their genes 

(Duan et al., 2021). 
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Cardiac involvement is a commonly observed 

complication in muscular dystrophies. It occurs when 

the cells of the heart muscle (cardiomyocytes) 

undergo programmed cell death (apoptosis) and are 

replaced by fibrotic tissue. This process often leads to 

compensatory enlargement of the surrounding muscle 

(hypertrophy) and can create conditions favorable for 

the occurrence of irregular heart rhythms 

(arrhythmias) (Kim et al., 2021; Liu et al., 2022). 

Over time, as the amount of fibrotic tissue 

increases, the left ventricle of the heart progressively 

expands (dilates), ultimately resulting in a condition 

known as dilated cardiomyopathy (Palladino et al., 

2016). To delay or protect against the development of 

cardiomyopathy associated with Duchenne muscular 

dystrophy (DMD), medications such as angiotensin-

converting enzyme inhibitors or angiotensin receptor 

blockers are commonly prescribed (Palladino et al., 

2016). The use of steroids for this purpose is 

controversial, with conflicting evidence supporting its 

effectiveness (Passamano et al., 2012; Feingold et al., 

2017). Once cardiomyopathy is established, standard 

treatment for heart failure is recommended 

(Mitropoulou et al., 2022). 

Clinical diagnosis is often confirmed through a 

combination of physical examination, family history, 

and laboratory tests. Serum creatine kinase (CK) 

levels are significantly elevated in individuals with 

DMD due to muscle fiber damage (Wright et al., 2012; 

Chung et al., 2016; Kwon et al., 2016). Genetic testing, 

such as multiplex ligation-dependent probe 

amplification (MLPA) or next-generation sequencing 

(NGS), can identify specific mutations in the 

dystrophin gene and provide a definitive diagnosis 

(Lee and Song, 2017; Wu et al., 2018; Zhang et al., 

2019). 

MANAGEMENT AND 

THERAPEUTIC APPROACHES 

Currently, there is no cure for DMD, but various 

management strategies aim to optimize quality of life 

and delay disease progression (Nassoro et al., 2020). 

Multidisciplinary care, including physical therapy, 

orthopedic interventions, respiratory support, and 

cardiac surveillance, plays a crucial role in managing 

DMD. Engaging in strength training exercises can be 

advantageous in enhancing muscular strength and 

decelerating the decline in muscle power among 

individuals with DMD (Jawade et al., 2020). 

Additionally, proprioceptive neuromuscular facilitation 

techniques can contribute to enhancing the balance 

and mobility of DMD patients (Birelliwar et al., 2020). 

Furthermore, practicing yoga, which encompasses 

breathing exercises, physical postures, and 

meditation, can also be beneficial. Yoga not only 

addresses the physical aspects but also incorporates 

psychosomatic and spiritual elements, providing 

potential advantages for individuals with DMD (Khatib 

et al., 2017). 

The use of corticosteroids, such as prednisone or 

deflazacort, has shown efficacy in slowing disease 

progression and preserving muscle function 

(McDonald et al., 2018). Corticosteroids, such as 

prednisone/prednisolone and deflazacort, have been 

found to provide several benefits based on evidence-

based research. One notable advantage is that these 

medications can extend the period of disease 

progression in individuals with Duchenne muscular 

dystrophy (DMD) (Falzarano et al., 2015). 

Prednisone/prednisolone and deflazacort are the two 

most frequently prescribed corticosteroids for DMD 

(Birnkrant, Bushby, Bann, Alman, et al., 2018). When 

it comes to prednisone, patients with DMD may benefit 

from a daily dosage ranging from 0.3 to 1.5 mg/kg 

(Evans et al., 2009). The specific dosage within this 

range can be determined based on individual factors 

and medical considerations. By administering 

corticosteroids within the recommended dosage 

range, patients with DMD may experience a longer 

period before the disease progresses, which can 

contribute to improved overall outcomes and quality of 

life (Falzarano et al., 2015). 

In recent years, there have been significant 

advancements in therapeutic approaches for DMD 

(van Ruiten et al., 2014; Aartsma-Rus et al., 2019). 

The significance of prevention has been emphasized 

greatly due to the absence of any current curative 

treatment (Mujezinovic and Alfirevic, 2007). The 

current standard for prenatal diagnosis involves 

invasive procedures like chorionic villus sampling or 

amniocentesis, which carry procedural risks and are 

not suitable for women who prefer non-invasive 

methods. However, the discovery of cell-free fetal 

DNA (cff-DNA) in the mother's bloodstream has raised 

hopes for non-invasive prenatal tests (NIPTs) (Dennis 

Lo et al., 1997; Lo, 2003). These tests have been used 

for non-invasive screening of fetal aneuploidies, such 

as trisomy 21, using maternal plasma (Papageorgiou 

and Patsalis, 2012; Mersy et al., 2013). They have 

also been applied for determining fetal sex in 

pregnancies at risk of X-linked genetic disorders and 

assessing the Rhesus factor status in RhD-negative 

women (Freeman, Szczepura and Osipenko, 2009; 

Devaney et al., 2011; Niesche and Haase, 2012). 

While NIPTs for single-gene disorders remain 

challenging, as around 90% of the DNA in maternal 

plasma is from the mother, efforts are underway to 

overcome this limitation (Lun et al., 2008). 

RESEARCH AND FUTURE 

PERSPECTIVES 

The scientific community and pharmaceutical 

industry have witnessed a surge in research and 

clinical trials dedicated to DMD. The aim is not only to 

find a cure but also to improve the quality of life for 

individuals living with the disease. Birnkrant et al. 

conducted a comprehensive study focusing on the 

diagnosis and management of Duchenne muscular 

dystrophy (DMD). Their   research   included   a  case  
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study and provided valuable insights and 

recommendations in various areas of care. These 

areas encompassed the diagnosis process as well as 

the management of neuromuscular, rehabilitation, 

gastrointestinal, and endocrine aspects related to 

DMD (Birnkrant, Bushby, Bann, Apkon, et al., 2018).  

In a separate case study, Rivera et al. investigated 

the medical management of muscle weakness in 

individuals with DMD. Their study evaluated different 

corticosteroid regimens and concluded that among the 

options available, either deflazacort or prednisone 

weekend dosing were the preferred approaches 

(Rivera et al., 2020). 

Salmaninejad et al. contributed to the field by 

presenting a case study on DMD. Their research 

focused on the advancements in gene therapies 

developed to address the dystrophin deficiency 

characteristic of DMD. The study concluded with 

updates on the latest available gene therapies that 

hold promise in compensating for the lack of 

dystrophin in individuals with DMD (Salmaninejad et 

al., 2018). 

In addition to traditional therapeutic approaches, 

novel modalities such as exon-skipping, gene therapy, 

and gene editing have shown promise in preclinical 

and clinical trials. While challenges remain, including 

the need for long-term safety data and the high cost of 

these therapies, the progress made so far instills hope 

and optimism in the DMD community. The importance 

of prenatal diagnosis for Duchenne muscular 

dystrophy (DMD) cannot be overstated due to the 

severity of its clinical symptoms compared to other X-

linked recessive inherited muscular dystrophies. 

Unfortunately, there is currently no curative treatment 

available for this disease. Therefore, early detection 

through prenatal diagnosis plays a critical role in 

managing the condition and providing appropriate 

support and care for affected individuals. By 

identifying DMD in the prenatal stage, families can 

make informed decisions regarding the pregnancy 

and prepare for the challenges associated with the 

disease. While curative treatments may not be 

available yet, prenatal diagnosis allows for proactive 

management and the implementation of strategies to 

improve the quality of life for individuals with DMD 

(Beksac et al., 2018). 
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Conclusion 

Duchenne muscular dystrophy is a devastating 

condition that affects thousands of children and their 

families worldwide. However, recent advancements in 

research and therapeutic approaches have brought 

about new opportunities for managing and treating this 

complex disease. With ongoing scientific discoveries, 

the future holds promise for improved clinical 

outcomes and the potential for a cure. Continued 

support for research, increased awareness, and 

access to comprehensive care will be crucial in 

transforming the lives of individuals living with DMD. 

The pathophysiological mechanisms leading to 

muscle degeneration in DMD, such as impaired 

calcium handling, increased oxidative stress, and 

inflammatory processes, are discussed. Diagnostic 

methods, including genetic testing, muscle biopsy, 

and imaging techniques, are described, along with 

their respective advantages and limitations. The 

review also covers current management strategies for 

DMD, including symptomatic treatment, physical 

therapy, interventions, and respiratory support. 

Furthermore, emerging therapeutic approaches such 

as gene therapy, exon skipping, and novel 

pharmacological agents are explored. 

References 

[1] Aartsma-Rus, A. et al. (2019) ‘Evidence-
Based Consensus and Systematic Review on 
Reducing the Time to Diagnosis of Duchenne 
Muscular Dystrophy’, Journal of Pediatrics. J 
Pediatr, pp. 305-313.e14. Available at: 
https://doi.org/10.1016/j.jpeds.2018.10.043 

[2] Aartsma-Rus, A., Ginjaar, I.B. and Bushby, K. 
(2016) ‘The importance of genetic diagnosis 
for Duchenne muscular dystrophy’, Journal of 
Medical Genetics, 53(3), pp. 145–151. 
Available at: 
https://doi.org/10.1136/jmedgenet-2015-
103387 

[3] Alghamdi, F. et al. (2021) ‘Case Report: The 
Genetic Diagnosis of Duchenne Muscular 
Dystrophy in the Middle East’, Frontiers in 
Pediatrics, 9, p. 716424. Available at: 
https://doi.org/10.3389/fped.2021.716424 

[4] Andrews, J.G. et al. (2018) ‘Diagnostic 
accuracy of phenotype classification in 
duchenne and becker muscular dystrophy 
using medical record data’, Journal of 
Neuromuscular Diseases, 5(4), pp. 481–495. 
Available at: https://doi.org/10.3233/JND-
180306 

[5] Andrews, J.G. and Wahl, R.A. (2018) 
‘Duchenne and Becker muscular dystrophy in 
adolescents: current perspectives’, 
Adolescent Health, Medicine and 
Therapeutics, Volume 9, pp. 53–63. Available 
at: https://doi.org/10.2147/ahmt.s125739 

[6] Beksac, M.S. et al. (2018) ‘Gestational 
Outcomes of Pregnant Women Who Have 
Had Invasive Prenatal Testing for the Prenatal 
Diagnosis of Duchenne Muscular Dystrophy’, 
Journal of Pregnancy, 2018. Available at: 
https://doi.org/10.1155/2018/9718316 

[7] Birelliwar, A. et al. (2020) ‘Early gait training 
program and proprioceptive neuromuscular 
facilitation in the patient with post 
debridement amputation - A rare case report’, 
MEDICAL SCIENCE, 24(105), pp. 3421– 

https://doi.org/10.1016/j.jpeds.2018.10.043
https://doi.org/10.1136/jmedgenet-2015-103387
https://doi.org/10.1136/jmedgenet-2015-103387
https://doi.org/10.3389/fped.2021.716424
https://doi.org/10.3233/JND-180306
https://doi.org/10.3233/JND-180306
https://doi.org/10.2147/ahmt.s125739
https://doi.org/10.1155/2018/9718316


 

Duchenne Muscular Dystrophy     International Journal of Gynecological and Obstetrical Research, 2024, Vol. 11          29 
 

 

3426. Available at: 
http://www.discoveryjournals.org/medicalscie
nce/current_issue/v24/n105/A80.htm?fbclid=I
wAR3-
xgX1yD8UtglaxhgzggCC_vFx4qoJhd1dS8_a
J4kiuShdQksxmxtu544 (Accessed: 10 June 
2023) 

[8] Birnkrant, D.J., Bushby, K., Bann, C.M., 
Apkon, S.D., et al. (2018) ‘Diagnosis and 
management of Duchenne muscular 
dystrophy, part 1: diagnosis, and 
neuromuscular, rehabilitation, endocrine, and 
gastrointestinal and nutritional management’, 
The Lancet Neurology. NIH Public Access, 
pp. 251–267. Available at: 
https://doi.org/10.1016/S1474-
4422(18)30024-3 

[9] Birnkrant, D.J., Bushby, K., Bann, C.M., 
Alman, B.A., et al. (2018) ‘Diagnosis and 
management of Duchenne muscular 
dystrophy, part 2: respiratory, cardiac, bone 
health, and orthopaedic management’, The 
Lancet Neurology. NIH Public Access, pp. 
347–361. Available at: 
https://doi.org/10.1016/S1474-
4422(18)30025-5 

[10] Chung, J. et al. (2016) ‘Twenty-year follow-up 
of newborn screening for patients with 
muscular dystrophy’, Muscle and Nerve, 
53(4), pp. 570–578. Available at: 
https://doi.org/10.1002/mus.24880 

[11] Crisafulli, S. et al. (2020) ‘Global 
epidemiology of Duchenne muscular 
dystrophy: An updated systematic review and 
meta-analysis’, Orphanet Journal of Rare 
Diseases. BioMed Central. Available at: 
https://doi.org/10.1186/s13023-020-01430-8 

[12] Dennis Lo, Y.M. et al. (1997) ‘Presence of 
fetal DNA in maternal plasma and serum’, 
Lancet, 350(9076), pp. 485–487. Available at: 
https://doi.org/10.1016/S0140-
6736(97)02174-0 

[13] Devaney, S.A. et al. (2011) ‘Noninvasive fetal 
sex determination using cell-free fetal DNA: A 
systematic review and meta-analysis’, JAMA. 
American Medical Association, pp. 627–636. 
Available at: 
https://doi.org/10.1001/jama.2011.1114 

[14] Duan, D. et al. (2021) ‘Duchenne muscular 
dystrophy’, Nature Reviews Disease Primers. 
Nat Rev Dis Primers. Available at: 
https://doi.org/10.1038/s41572-021-00248-3 

[15] Evans, N.P. et al. (2009) ‘Dysregulated 
intracellular signaling and inflammatory gene 
expression during initial disease onset in 
duchenne muscular dystrophy’, American 
Journal of Physical Medicine and 
Rehabilitation. Am J Phys Med Rehabil, pp. 
502–522. Available at: 
https://doi.org/10.1097/PHM.0b013e3181a5a
24f 

[16] Falzarano, M.S. et al. (2015) ‘Duchenne 
muscular dystrophy: From diagnosis to 
therapy’, Molecules, 20(10), pp. 18168–

18184. Available at: 
https://doi.org/10.3390/molecules201018168 

[17] Feingold, B. et al. (2017) ‘Management of 
cardiac involvement associated with 
neuromuscular diseases: A scientific 
statement from the American Heart 
Association’, Circulation. Circulation, pp. 
e200–e231. Available at: 
https://doi.org/10.1161/CIR.00000000000005
26 

[18] Freeman, K., Szczepura, A. and Osipenko, L. 
(2009) ‘Non-invasive fetal RHD genotyping 
tests: A systematic review of the quality of 
reporting of diagnostic accuracy in published 
studies’, European Journal of Obstetrics and 
Gynecology and Reproductive Biology. 
Elsevier, pp. 91–98. Available at: 
https://doi.org/10.1016/j.ejogrb.2008.10.010 

[19] Jansen, M. et al. (2010) ‘Physical training in 
boys with Duchenne Muscular Dystrophy: The 
protocol of the No Use is Disuse study’, BMC 
Pediatrics, 10, p. 55. Available at: 
https://doi.org/10.1186/1471-2431-10-55 

[20] Jawade, S. et al. (2020) ‘Efficacy of strength 
training program on muscle performance by 
determining 1 repetition maximum in adults’, 
European journal of molecular and clinical 
medicine, 7(2), p. 1946‐1954. Available at: 
https://ejmcm.com/article_2404 (Accessed: 
10 June 2023) 

[21] Khatib, M.N. et al. (2017) ‘Yoga for improving 
functional capacity, quality of life and 
cardiovascular outcomes in people with heart 
failure’, Cochrane Database of Systematic 
Reviews, 2017(7). Available at: 
https://doi.org/10.1002/14651858.CD012015.
pub2  

[22] Kim, J. et al. (2021) ‘Case Report: Co-
occurrence of Duchenne Muscular Dystrophy 
and Frontometaphyseal Dysplasia 1’, 
Frontiers in Pediatrics, 9, p. 628190. Available 
at: https://doi.org/10.3389/fped.2021.628190  

[23] Kumar Adlakha, V. et al. (2015) ‘A Rare Case 
Report of Neurodegenerative Disease: 
Duchenne Muscular Dystrophy in Two Male 
Siblings’, International Journal of Clinical 
Pediatric Dentistry, 8(2), pp. 163–165. 
Available at: https://doi.org/10.5005/jp-
journals-10005-1306  

[24] Kwon, J.M. et al. (2016) ‘Clinical Follow-Up for 
Duchenne Muscular Dystrophy Newborn 
Screening: A Proposal’, Muscle and Nerve, 
54(2), pp. 186–191. Available at: 
https://doi.org/10.1002/mus.25185  

[25] Lai, Y. et al. (2009) ‘Dystrophins carrying 
spectrin-like repeats 16 and 17 anchor nNOS 
to the sarcolemma and enhance exercise 
performance in a mouse model of muscular 
dystrophy’, Journal of Clinical Investigation, 
119(3), pp. 624–635. Available at: 
https://doi.org/10.1172/JCI36612  

[26] Lee, S.H. and Song, W.J. (2017) 
‘Chromosomal     Microarray    Testing   in   42  

 

http://www.discoveryjournals.org/medicalscience/current_issue/v24/n105/A80.htm?fbclid=IwAR3-xgX1yD8UtglaxhgzggCC_vFx4qoJhd1dS8_aJ4kiuShdQksxmxtu544%20
http://www.discoveryjournals.org/medicalscience/current_issue/v24/n105/A80.htm?fbclid=IwAR3-xgX1yD8UtglaxhgzggCC_vFx4qoJhd1dS8_aJ4kiuShdQksxmxtu544%20
http://www.discoveryjournals.org/medicalscience/current_issue/v24/n105/A80.htm?fbclid=IwAR3-xgX1yD8UtglaxhgzggCC_vFx4qoJhd1dS8_aJ4kiuShdQksxmxtu544%20
http://www.discoveryjournals.org/medicalscience/current_issue/v24/n105/A80.htm?fbclid=IwAR3-xgX1yD8UtglaxhgzggCC_vFx4qoJhd1dS8_aJ4kiuShdQksxmxtu544%20
http://www.discoveryjournals.org/medicalscience/current_issue/v24/n105/A80.htm?fbclid=IwAR3-xgX1yD8UtglaxhgzggCC_vFx4qoJhd1dS8_aJ4kiuShdQksxmxtu544%20
https://doi.org/10.1016/S1474-4422(18)30024-3
https://doi.org/10.1016/S1474-4422(18)30024-3
https://doi.org/10.1016/S1474-4422(18)30025-5
https://doi.org/10.1016/S1474-4422(18)30025-5
https://doi.org/10.1002/mus.24880
https://doi.org/10.1186/s13023-020-01430-8
https://doi.org/10.1016/S0140-6736(97)02174-0
https://doi.org/10.1016/S0140-6736(97)02174-0
https://doi.org/10.1001/jama.2011.1114
https://doi.org/10.1038/s41572-021-00248-3
https://doi.org/10.1097/PHM.0b013e3181a5a24f
https://doi.org/10.1097/PHM.0b013e3181a5a24f
https://doi.org/10.3390/molecules201018168
https://doi.org/10.1161/CIR.0000000000000526
https://doi.org/10.1161/CIR.0000000000000526
https://doi.org/10.1016/j.ejogrb.2008.10.010
https://doi.org/10.1186/1471-2431-10-55
https://ejmcm.com/article_2404
https://doi.org/10.1002/14651858.CD012015.pub2
https://doi.org/10.1002/14651858.CD012015.pub2
https://doi.org/10.3389/fped.2021.628190
https://doi.org/10.5005/jp-journals-10005-1306
https://doi.org/10.5005/jp-journals-10005-1306
https://doi.org/10.1002/mus.25185
https://doi.org/10.1172/JCI36612


 

30           International Journal of Gynecological and Obstetrical Research, 2024, Vol. 11     Chrisostomos Sofoudis et al. 
 
 

Korean Patients with Unexplained 
Developmental Delay, Intellectual Disability, 
Autism Spectrum Disorders, and Multiple 
Congenital Anomalies’, Genomics & 
Informatics, 15(3), pp. 82–86. Available at: 
https://doi.org/10.5808/gi.2017.15.3.82  

[27] Liu, X. et al. (2022) ‘Duchenne muscular 
dystrophy involves the myocardium and 
causes arrhythmia: Case report’, Frontiers in 
Cardiovascular Medicine, 9. Available at: 
https://doi.org/10.3389/fcvm.2022.974843  

[28] Lo, Y.M.D. (2003) ‘Fetal DNA in Maternal 
Plasma/Serum: The First 5 Years: 
Commentary on the article by Jimenez and 
Tarantal on page 18’, Pediatric Research, 
53(1), pp. 16–17. Available at: 
https://doi.org/10.1203/00006450-
200301000-00006  

[29] Lun, F.M.F. et al. (2008) ‘Microfluidics digital 
PCR reveals a higher than expected fraction 
of fetal DNA in maternal plasma’, Clinical 
Chemistry, 54(10), pp. 1664–1672. Available 
at: 
https://doi.org/10.1373/clinchem.2008.11138
5  

[30] McDonald, C.M. et al. (2018) ‘Long-term 
effects of glucocorticoids on function, quality 
of life, and survival in patients with Duchenne 
muscular dystrophy: a prospective cohort 
study’, The Lancet, 391(10119), pp. 451–461. 
Available at: https://doi.org/10.1016/S0140-
6736(17)32160-8  

[31] Mersy, E. et al. (2013) ‘Noninvasive detection 
of fetal trisomy 21: Systematic review and 
report of quality and outcomes of diagnostic 
accuracy studies performed between 1997 
and 2012’, Human Reproduction Update, 
19(4), pp. 318–329. Available at: 
https://doi.org/10.1093/humupd/dmt001  

[32] Mitropoulou, P. et al. (2022) ‘ST-elevation 
myocardial infarction in a young patient with 
Duchenne’s muscular dystrophy: A case 
report’, European Heart Journal - Case 
Reports, 6(5). Available at: 
https://doi.org/10.1093/ehjcr/ytac184  

[33] Mujezinovic, F. and Alfirevic, Z. (2007) 
‘Procedure-related complications of 
amniocentesis and chorionic villous sampling: 
A systematic review’, Obstetrics and 
Gynecology, 110(3), pp. 687–694. Available 
at: 
https://doi.org/10.1097/01.AOG.0000278820.
54029.e3  

[34] Nassoro, D.D. et al. (2020) ‘A child with 
duchenne muscular dystrophy: A case report 
of a rare diagnosis among Africans’, Clinical 
Case Reports, 8(12), pp. 2654–2660. 
Available at: 
https://doi.org/10.1002/ccr3.3254  

[35] Niesche, R. and Haase, M. (2012) ‘Emotions 
and Ethics: A Foucauldian framework for 
becoming an ethical educator’, Educational 
Philosophy and Theory, 44(3), pp. 276–288. 
Available at: https://doi.org/10.1111/j.1469-
5812.2010.00655.x  

[36] Nowak, K.J. and Davies, K.E. (2004) 
‘Duchenne muscular dystrophy and 
dystrophin: Pathogenesis and opportunities 
for treatment: Third in molecular medicine 
review series’, EMBO Reports. EMBO Rep, 
pp. 872–876. Available at: 
https://doi.org/10.1038/sj.embor.7400221  

[37] Palladino, A. et al. (2016) ‘Management of 
cardiac involvement in muscular dystrophies: 
Paediatric versus adult forms’, Acta 
Myologica, 35(3), pp. 128–134. Available at: 
/pmc/articles/PMC5416740/ (Accessed: 10 
June 2023). 

[38] Papageorgiou, E.A. and Patsalis, P.C. (2012) 
‘Non-invasive prenatal diagnosis of 
aneuploidies: New technologies and clinical 
applications’, Genome Medicine. BioMed 
Central, pp. 1–12. Available at: 
https://doi.org/10.1186/gm345  

[39] Passamano, L. et al. (2012) ‘Improvement of 
survival in Duchenne Muscular Dystrophy: 
Retrospective analysis of 835 patients’, Acta 
Myologica. Pacini Editore, pp. 121–125. 
Available at: /pmc/articles/PMC3476854/ 
(Accessed: 10 June 2023). 

[40] Pegoraro, E. et al. (1995) ‘Genetic and 
biochemical normalization in female carriers 
of duchenne muscular dystrophy: Evidence 
for failure of dystrophin production in 
dystrophin-competent myonuclei’, Neurology, 
45(4), pp. 677–690. Available at: 
https://doi.org/10.1212/WNL.45.4.677  

[41] Percival, J.M. et al. (2008) ‘Functional deficits 
in nNOSμ-deficient skeletal muscle: 
Myopathy in nNOS knockout mice’, PLoS 
ONE, 3(10), p. 3387. Available at: 
https://doi.org/10.1371/journal.pone.0003387  

[42] Rivera, S.R. et al. (2020) ‘Medical 
management of muscle weakness in 
Duchenne muscular dystrophy’, PLoS ONE, 
15(10 October). Available at: 
https://doi.org/10.1371/journal.pone.0240687  

[43] Van Ruiten, H.J.A. et al. (2014) ‘Improving 
recognition of Duchenne muscular dystrophy: 
a retrospective case note review’, Archives of 
Disease in Childhood, 99(12), pp. 1074–1077. 
Available at: 
https://doi.org/10.1136/archdischild-2014-
306366  

[44] Salmaninejad, A. et al. (2018) ‘Duchenne 
muscular dystrophy: an updated review of 
common available therapies’, International 
Journal of Neuroscience. Int J Neurosci, pp. 
854–864. Available at: 
https://doi.org/10.1080/00207454.2018.1430
694  

[45] Sander, M. et al. (2000) ‘Functional muscle 
ischemia in neuronal nitric oxide synthase-
deficient skeletal muscle of children with 
Duchenne muscular dystrophy’, Proceedings 
of the National Academy of Sciences of the 
United States of America, 97(25), pp. 13818–
13823. Available at: 
https://doi.org/10.1073/pnas.250379497  

https://doi.org/10.5808/gi.2017.15.3.82
https://doi.org/10.3389/fcvm.2022.974843
https://doi.org/10.1203/00006450-200301000-00006
https://doi.org/10.1203/00006450-200301000-00006
https://doi.org/10.1373/clinchem.2008.111385
https://doi.org/10.1373/clinchem.2008.111385
https://doi.org/10.1016/S0140-6736(17)32160-8
https://doi.org/10.1016/S0140-6736(17)32160-8
https://doi.org/10.1093/humupd/dmt001
https://doi.org/10.1093/ehjcr/ytac184
https://doi.org/10.1097/01.AOG.0000278820.54029.e3
https://doi.org/10.1097/01.AOG.0000278820.54029.e3
https://doi.org/10.1002/ccr3.3254
https://doi.org/10.1111/j.1469-5812.2010.00655.x
https://doi.org/10.1111/j.1469-5812.2010.00655.x
https://doi.org/10.1038/sj.embor.7400221
https://doi.org/10.1186/gm345
https://doi.org/10.1212/WNL.45.4.677
https://doi.org/10.1371/journal.pone.0003387
https://doi.org/10.1371/journal.pone.0240687
https://doi.org/10.1136/archdischild-2014-306366
https://doi.org/10.1136/archdischild-2014-306366
https://doi.org/10.1080/00207454.2018.1430694
https://doi.org/10.1080/00207454.2018.1430694
https://doi.org/10.1073/pnas.250379497


 

Duchenne Muscular Dystrophy     International Journal of Gynecological and Obstetrical Research, 2024, Vol. 11          31 
 

 

[46] Shahade, P.S., Mundada, P.H. and Samal, 
S.S. (2022) ‘Perks of Rehabilitation in 
Improving Motor Function in a Nine-Year-Old 
Male With Duchenne Muscular Dystrophy: A 
Case Report’, Cureus, 14(10). Available at: 
https://doi.org/10.7759/cureus.30162  

[47] Shvetsova, E. et al. (2019) ‘Skewed X-
inactivation is common in the general female 
population’, European Journal of Human 
Genetics, 27(3), pp. 455–465. Available at: 
https://doi.org/10.1038/s41431-018-0291-3  

[48] Sienkiewicz, D. et al. (2015) ‘Duchenne 
muscular dystrophy: Current cell therapies’, 
Therapeutic Advances in Neurological 
Disorders. SAGE Publications, pp. 166–177. 
Available at: 
https://doi.org/10.1177/1756285615586123  

[49] Trippe, H. et al. (2014) ‘Xp21/A translocation: 
A rarely considered genetic cause for 
manifesting carriers of Duchenne muscular 
dystrophy’, Neuropediatrics, 45(5), pp. 333–
335. Available at: https://doi.org/10.1055/s-
0034-1383824  

[50] Ward, L.M. and Birnkrant, D.J. (2018) ‘An 
introduction to the Duchenne muscular 
dystrophy care considerations’, Pediatrics, 

142(Suppl 2), pp. S1–S4. Available at: 
https://doi.org/10.1542/peds.2018-0333B  

[51] Winerdal, M. et al. (2020) ‘Confined placental 
mosaicism of Duchenne muscular dystrophy: 
a case report’, Molecular Cytogenetics, 13(1). 
Available at: https://doi.org/10.1186/s13039-
020-00520-3  

[52] Wright, M.A. et al. (2012) ‘Consider muscle 
disease in children with elevated 
transaminase’, Journal of the American Board 
of Family Medicine, 25(4), pp. 536–540. 
Available at: 
https://doi.org/10.3122/jabfm.2012.04.11018
3  

[53] Wu, L. et al. (2018) ‘Next-Generation 
Sequencing to Diagnose Muscular Dystrophy, 
Rhabdomyolysis, and HyperCKemia’, 
Canadian Journal of Neurological Sciences, 
45(3), pp. 262–268. Available at: 
https://doi.org/10.1017/cjn.2017.286  

[54] Zhang, K. et al. (2019) ‘Molecular genetic 
testing and diagnosis strategies for 
dystrophinopathies in the era of next 
generation sequencing’, Clinica Chimica Acta. 
Clin Chim Acta, pp. 66–73. Available at: 
https://doi.org/10.1016/j.cca.2019.01.014  

 

 

Received on 10-07-2024   Accepted on 20-07-2024  Published on 08-08-2024 

 

© 2024 Chrisostomos Sofoudis et al.; Licensee Green Publishers. This is an open access article licensed under the 
terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the 
work is properly cited. 

 

https://doi.org/10.7759/cureus.30162
https://doi.org/10.1038/s41431-018-0291-3
https://doi.org/10.1177/1756285615586123
https://doi.org/10.1055/s-0034-1383824
https://doi.org/10.1055/s-0034-1383824
https://doi.org/10.1542/peds.2018-0333B
https://doi.org/10.1186/s13039-020-00520-3
https://doi.org/10.1186/s13039-020-00520-3
https://doi.org/10.3122/jabfm.2012.04.110183
https://doi.org/10.3122/jabfm.2012.04.110183
https://doi.org/10.1017/cjn.2017.286
https://doi.org/10.1016/j.cca.2019.01.014

