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   Foreword   

 The various forms of muscular dystrophy (MD) are rare diseases, but ones that 
 create enormous consequences for both patients and their caregivers. Since the typi-
cal age of onset falls within childhood, patients’ primary caregivers are usually their 
parents. Once their child has been diagnosed with MD, these parents must face a 
new set of demands on their time, energy, emotions, and fi nances, usually all at a 
time when they are also hard at work dealing with the day-to-day demands of their 
jobs and careers. In a very real sense, MD affects many more individuals than those 
who are diagnosed as patients. This group of diseases truly deserves our attention. 

 The term MD refers to many diseases, differing in age-of-onset of clinical symp-
toms, degree of severity, and underlying genetic causes. Nonetheless, all share the 
key similarity of progressive muscular weakening, resulting in loss of mobility, 
agility, and bodily movement. While the upper arms and upper legs often display 
such weakness fi rst, multiple other organs can be affected, including the diaphragm 
and chest muscles, stomach, intestines, brain, and even heart. Quality of life, there-
fore, can be severely affected. 

 We are now aware that each type of MD results from a different specifi c genetic 
defect affecting the proteins governing muscular function and integrity. Genetic 
programming underlying muscular function is enormously complex, and each form 
of MD originates from different genetic mutations. For example, the Duchenne and 
Becker forms of MD are caused by different mutations in the gene for dystrophin, a 
protein very important for maintaining normal muscle structure and function. Loss 
of dystrophin functionality causes muscle fragility, leading to progressive weakness 
and loss of ambulatory ability, usually during childhood and teenage years. 
Heterogeneity of disease origins creates diffi culties in determining how best to 
approach the development of pharmaceutical therapies, since successful treatment 
of each of the various types of MD which can be expected to require a different drug 
to reach and interact with each specifi c target receptor. Fortunately, advances are 
fi nally being achieved in this regard, along with many other important facets of 
addressing this disease group, as detailed in this book. 
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 I fi rst met Raymond A. Huml, this book’s Editor, who also authored and coau-
thored several of its chapters, when we were working together at Quintiles, a large, 
global Contract Research Organization (CRO) that assists pharmaceutical, biotech-
nology, and medical device companies around the world to bring important new 
products to market successfully. During his ongoing career in the pharmaceutical 
industry, Dr. Huml has gained tremendous experience in numerous aspects of bring-
ing new drugs to market. To name but a few, these include how to perform due dili-
gence in choosing the best pharmaceutical investments (subject of yet another book 
he authored), becoming an expert in the worldwide regulatory landscapes with 
which development of new drugs must comply, and becoming a major U.S. expert 
in the emerging area of organic “biosimilar” drug development. 

 These facts, however, are only one of the facets of what makes him the perfect 
person to assemble the distinguished group of authors who share their knowledge 
and insights in the following chapters. Dr. Huml is also a well-respected North 
Carolina veterinarian, who compassionately treated animal patients for many years 
and who currently sits on the Board of Visitors for North Carolina State University. 
Perhaps most pertinent of all, though is the fact that Ray and his wife Leslie are the 
parents of two children, both of whom suffer from MD: Meredith, who was diag-
nosed in 2003, and Jonathan, diagnosed in 2013, both suffer from facioscapulo-
humeral MD (FSHD). As the name refl ects, the typical locations of the muscular 
weakening in FSHD are the face, shoulder girdle, and upper arms. 

 Thus, both Dr. Huml’s personal experience and his professional expertise have 
provided him with a broad spectrum of insights regarding MD, from individual 
patient management, through the best currently available treatment options, all the 
way up to public health issues. At the individual patient level, he has learned, fi rst-
hand, the demands and challenges MD brings both to patients and their family 
members. At the treatment level, his successful global CRO career in pharmaceuti-
cal development provides him with the ability to identify and focus on the most 
potentially effective drugs, especially those currently under development. At the 
public health level, he is intimately familiar with the challenges along with numer-
ous successful approaches to developing new drugs and then gaining regulatory 
approval for them. This propels them from laboratory benches to patient bedsides, 
resulting in large improvement in outcomes. He and his collaborators address these 
issues very well in this book. 

 The confl uence of various recent occurrences makes this the perfect time for 
providing a concise but very inclusive reference and guide regarding MD. First, 
there remains a high unmet medical need for MD treatments. Second, increasing 
scientifi c knowledge about the root causes and disease mechanisms of various forms 
of MD is resulting in more focus on developing new, specifi c drug treatments. Third, 
awareness is now growing that MD patients were, all-too-often, left at the back of 
the line for the development of new medications. Patient advocacy groups, com-
bined with public social media, are rapidly gaining infl uence. That, along with the 
solid foundation this book provides, should help voices in the MD therapeutic arena 
to be heard nationwide. 

Foreword
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 This concise guide to MD educates us on many levels and many topics, but 
always maintains its patient-centric focus: this humanity may be the book’s greatest 
strength of all.  

      Ross     M.     Tonkens ,  MD     
 Science & Technology Accelerator Division 

 American Heart Association , 
  Morrisville ,  NC ,  USA      

Foreword
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  Editor’s In troduction   

 I was intimately introduced to muscular dystrophy (MD) when my daughter, 
Meredith, was diagnosed with FSHD at Duke University’s Muscular Dystrophy 
Association (MDA) Center in 2003. My son, Jonathan, was diagnosed with the 
same affl iction at the University of North Carolina at Chapel Hill in 2013. 

 Since the fi rst diagnosis, I have reached out to multiple caregivers, hospitals, and 
organizations in an attempt to understand FSHD—the most common form of MD, 
although far from the best known—as well as to obtain stabilization options and 
understand the risks and benefi ts of potential treatments and surgical recommenda-
tions which required second, third, and fourth opinions. My personal experience 
with MD before my children’s diagnoses was limited to information provided by 
Jerry Lewis and the MDA as they championed a treatment for Duchenne MD 
(DMD) over the last half a century. 

 The greatest help that my children and I have received has been via their direct 
caregivers. Some of these world-renowned caregivers have agreed to champion a 
greater awareness of MD by joining me as co-authors or individual authors for this 
book. This group of dedicated medical and scientifi c professionals includes physi-
cians working on FSHD clinical trials, as well as experts directly working with 
patients, their families, and support organizations. In addition, the book benefi ts 
from a doctoral-level (candidate) physical therapist and orthotic expert. Our family 
has also greatly benefi ted from guidance provided from premier patient and family 
support organizations such as the FSH Society and the MDA. 

 This book uniquely benefi ts from authorship provided by Daniel P. Perez, 
cofounder of the FSH Society, who offers insights into MD as a person affl icted 
with FSHD. Daniel has personally testifi ed before the U.S. Congress over a period 
spanning greater than two decades on behalf of patients affl icted with 
FSHD. Although no longer with us, I would like to note that Daniel’s mother, Carol 
A. Perez, who was also affl icted with FSHD, was another founder of the FSH 
Society and up until almost the time of her passing, could be counted on to provide 
guidance and encouragement to those with FSHD or those caring for persons 
affl icted with FSHD. On this matter, I speak from personal experience. 
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 This books also benefi ts from authorship provided by my daughter, Meredith 
L. Huml, who wrote Chapter   13    . The chapter provides her patient’s perspective, and 
that of a younger, nonscientist member of this book’s authorship clan. 

 When my daughter was fi rst diagnosed with FSHD, there were more gaps in our 
knowledge of FSHD inheritance and understanding of molecular targets was not 
advanced enough to warrant research investment by large pharmaceutical compa-
nies. The greatest clinical trial advances have been made over the last decade and, 
largely as a result of new targets, potential treatments are now garnering the clinical 
attention of big pharma and potential investors. For example, a recent review 
(December 4, 2014) of the Website  clinicaltrials.gov  yielded 138 clinical studies 
involving the treatment of DMD, 137 studies involving Becker MD (BMD), and 24 
studies involving FSHD. 

 This is good news for patients affl icted with MD and their families because there 
has never been a time when more new treatments were being investigated at the 
laboratory bench or in the clinic. In addition, promising new laboratory animal 
models of MD—an important stepping stone in the drug development process—are 
being discovered and developed. 

 This book is mainly focused on the most prevalent type of MD, FSHD, and the 
most severe, DMD, and on BMD—which is mechanistically related to DMD. These 
three types of MD also appear to be garnering the most attention of the pharmaceu-
tical industry in terms of research investment, and of the regulatory bodies that will 
need to approve future therapies, including the promulgation of global regulations. 
The book also mentions and highlights aspects of the other types of MD; however, 
they are not discussed in as much detail. 

 Many factors make this the right time for a concise book on MD. First, there 
exists a high unmet medical need for MD treatments. Second, breakthroughs in sci-
ence, technology, and gene manipulation have elucidated, and are continuing to 
elucidate, new targets, and in 2014, tentative approval was granted in the EU for the 
fi rst treatment for DMD. Indeed, in May 2014, advisors to European regulators 
(e.g., the Committee for Medicinal Products for Human Use or CHMP) recom-
mended early tentative approval for PTC Therapeutics’ (PTC) ataluren, a treatment 
for DMD to be marketed as Translarna™. If the European Commission grants con-
ditional approval, this could be followed by full EU approval if the data from the 
ongoing Phase III trial are suffi ciently compelling. 

 However, in parallel with all of this exploding science and early breakthroughs, 
there still exists a need for the patient, the family member, and the pharmaceutical 
executive to understand more about this rapidly changing landscape. 

 In essence, the pharmaceutical industry is continuing to look for ways to decrease 
risk while investing in products for the treatment of MD. With this increase in clini-
cal pressure, international regulatory agencies, including the European Medicines 
Agency ( EMA), have responded, and are beginning to issue guidance to maximize 
the probability of technical success and registration for new MD products. In an 
unprecedented move, the FDA solicited draft guidance for industry in June 2014 
from a DMD patient advocacy group, Parent Project Muscular Dystrophy or PPMD, 2  
and my hope is that this  milestone will encourage other advocacy groups advocating 
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for patients with the other MDs and advocacy groups for patients with other rare 
diseases. 

 My sincere wish is that this guide can be used by families affected by MD, by 
persons affl icted with MD, by caregivers new to the MD space, by pharmaceutical 
executives studying potential treatments for MD, and by third party capital execu-
tives considering investment in MD treatments. We are at an exciting time and my 
hope is that we will see a fully approved product for DMD within the next year  and 
a disease-modifying treatment of FSHD in either Europe or America before 2020.

  References 
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    Chapter 1   
 Introduction to Muscular Dystrophy 

             Raymond     A.     Huml     

            Introduction 

 The proteins and structures of certain processes associated with muscular dystrophy 
(MD) are beginning to be elucidated by scientists based on recent advances in our 
understanding of genetics. MD is a group of diseases that are clinically manifested 
in patients as progressive muscle weakness with associated loss of mobility, agility, 
and body movements as a result of defects in genes for the production of muscle 
proteins that result in the death of muscle cells and tissue. 

 With these scientifi c advances, the number of potential pharmaceutical targets 
has increased, resulting in heightened interest in investment, partnership, and 
collaboration. For example, GlaxoSmithKline (GSK) recently announced its fi rst 
discovery partnership with academia, with the Fred Hutchinson Cancer Center for 
the treatment of FSHD [ 1 ]. 

 In addition, many companies pursing potential treatments for MD have advanced 
to the Phase II and Phase III stage of clinical drug development, and one product 
from PCT Therapeutics may be fully approved in 2015. 

 This advancement from PCT Therapeutics would be the fi rst drug approved for the 
treatment of the Duchenne and Becker forms of muscular dystrophy (DMD and 
BMD), which are genetic disorders that develop primarily in boys. They are caused 
by different mutations in the gene for dystrophin, a protein that is important for main-
taining normal muscle structure and function. Loss of dystrophin causes muscle fra-
gility that leads to weakness and loss of walking ability during the childhood and teen 
years. Ataluren (to be marketed as Translarna™) is an orally delivered drug intended 
to overcome the effects of a specifi c type of mutation, called a nonsense mutation, 

        R.  A.   Huml ,  M.S., D.V.M., R.A.C.      (*) 
  Biosimilars Center of Excellence ,  Quintiles Inc. ,   4820 Emperor Boulevard , 
 Durham ,  NC   27703 ,  USA   
 e-mail: raymond.huml@quintiles.com  
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which is the cause of DMD and BMD in approximately 10–15% of individuals with 
the disease [ 2 ]. A nonsense mutation is an abnormality in a sequence of DNA that 
results in a truncated, incomplete, and usually nonfunctional protein product. 

 To address the best way to study these potential treatments, the International 
Conference on Harmonization (ICH) communities responded by issuing limited 
draft guidance in Europe. The situation has similarities to that for biosimilars, where 
the European Union is ahead of the U.S. with regard to specifi c regulatory guidance. 
The European Medicines Agency (EMA) issued a concept paper in 2011 and, in 
early 2013, draft guidance for treatments related to DMD (and BMD). The U.S., on 
the other hand, appears to be relying on programs already in place to address the 
issues related to the potential treatment of MD. In 2013, when the U.S. Food and 
Drug Administration (FDA) addressed concerns from patient advocacy groups such 
as the Muscular Dystrophy Association (MDA), it cited existing programs to 
address the lack of specifi c MD regulatory guidance in the U.S. Programs specifi -
cally discussed included Fast Track Designation, Breakthrough Therapy 
Designation, Accelerated Approval and Priority Review [ 3 ]. 

 This book provides an overview of MD with a focus on facioscapulohumeral 
MD (FSHD) in Chapter   3     and DMD and BMD in Chapter   4    . Other forms of MD are 
presented and discussed, but not in as much detail, in Chapter   5    . Later chapters, 
such as Chapter   11    , examine some of the complex features that have made treat-
ments for this group of diseases elusive. Chapter   10     provides an overview of the 
budding regulatory landscape for the treatment of MD in the EU and, fi nally, argues 
for more-detailed FDA guidance for each type of MD. 

 Lilleen Walters, who recently testifi ed at a Congressional Briefi ng to reauthorize 
the Muscular Dystrophy CARE Act, said, “We must continue. If not us, then who? 
And if not now, then when? I believe that together, it’s time to do something. With 
reauthorization and modest investments, we can restore a lot of smiles to a lot of 
people.” It is important to note that Lilleen and her son, Collin, both have FSHD [ 4 ].  

    Additional Support for Patients and Families with MD 

 Advocacy groups are discussed in greater detail in Chapter   13    , titled, “U.S. Patient 
Advocacy Groups”; however, it is important to recognize that, as my father, 
Raymond G. Huml, Jr., used to say, that “each person is comprised of body, mind 
and  spirit .” 

 Indeed, in the June 25, 2014 letter from Pat Furlong to the FDA from the Parent 
Project Muscular Dystrophy, it is mentioned that each family, each parent of a child 
with DMD, has a different story to tell about their child’s lifetime progressive loss 
of function, loss of independence, and dependence on family and the extraordinary 
burden—physically, fi nancially, emotionally, and  spiritually —that DMD places 
upon the caregiver and family [ 5 ]. 

 When I led a group discussion of parents of children with FSHD at FSH Society’s 
2014 Biennial International Network Meeting in Boston, MA, several participants, 
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including myself, cited their spiritual beliefs as providing comfort and a more hope-
ful perspective related to a diagnosis of FSHD. 

 Based on my opinion, all resources should be employed to support and encour-
age the MD patient and their family, including communities found within churches, 
synagogues, and other places of worship. It can be comforting to know that a group 
is praying for an affl icted family member and help/assistance can be as practical as 
obtaining a meal at a diffi cult time or assistance related to the healthcare needs of a 
family with a member affl icted with MD.   
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    Chapter 2   
 Muscular Dystrophy: Historical 
Background and Types 

             Raymond     A.     Huml     

            Historical Background 

 Reports vary, so there is no consensus as to who should be recognized as the fi rst 
person to describe muscular dystrophy (MD). As Dr. Corrado Angelini rightly 
points out, “There is still controversy as to who should be given priority for the fi rst 
description of MD.” Further, he states that “The problem is confounded by the fact 
that it is now recognized that MD is not a single disease, but rather a heterogeneous 
set of diseases with different clinical phenotypes, pathological substrates, and both 
molecular and genetic determinants” [ 1 ]. 

 According to the National Institute of Neurological Disorders and Stroke 
(NINDS) [ 2 ], the fi rst historical accounts of MD appeared in 1830, when Sir Charles 
Bell (1774–1842) wrote an essay about an illness that caused progressive weakness 
in boys. Other sources point to Giovanni Semmola’s publication in 1834 and later, 
a Semmola publication in conjunction with Gaetano Conte in 1836 [ 3 ]. 

 The 1834 Semmola reference was his description of two boys affected by a pre-
viously undescribed disorder (in 1829), which he referred to as having the most 
noticeable sign of “muscular hypertrophy” [ 4 ]. 

 According to Medscape [ 5 ], the fi rst historical account of MD was given by 
Conte and Gioja in 1836 [ 6 ]. They described two brothers with progressive mus-
cle weakness starting at age 10 and later developing generalized weakness and 
hypertrophy of multiple muscle groups, which are now known to be characteristic 
of the milder, Becker MD. At the time, however, many thought that Conte and Gioja 
were describing tuberculosis; thus, they did not achieve recognition for their 
discovery. 
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 In 1852, Dr. Edward Meryon (1809–1880) reported a family with four boys, all 
of whom were affected by signifi cant muscle changes, but no central nervous 
system abnormalities [ 7 ]. Meryon wrote a monograph on MD, suggesting a sarco-
lemmal defect as the cause of the disorder and suggesting that the disorder was 
genetically transmitted through females and affected only males. 

 The French neurologist, Guillaume Benjamin Amand Duchenne, MD (1806–1875), 
already famous for his use of electric currents to stimulate muscles and nerves, 
wrote about his fi rst case of MD. In 1861, Duchenne described and detailed the case 
of boy who had DMD in his book titled, “Paraplegie hypertrophique de l’enfance de 
cause cerebrale” [ 8 ]. A year later, Duchenne presented photos of his patient in his 
“Album de photographes pathologiques.” In 1868, he gave a comprehensive account 
of 13 patients with MD, which he called, “paralysie musculaire pseudo-hypertrophique 
ou paralysie myo-sclerosique.” His descriptions of boys who grew progressively 
weaker, lost the ability to walk, and died at an early age became prominent in medi-
cal journals. Because Duchenne was already famous for his work with electrical 
stimulation, and later, for his contributions to the understanding of muscle 
disease, one of the most severe and well-known forms of MD, Duchenne MD, now 
bears his name. 

 Soon after DMD was identifi ed, it became evident that more than one form of 
MD existed and that these diseases affected people of either gender and of all ages. 

 All of the MDs are inherited and involve a mutation in one of the thousands of 
genes that program proteins critical to muscle integrity and function. The muscle 
cells do not work properly when a protein is altered, produced in insuffi cient quan-
tity, or missing. Many cases of MD occur from spontaneous mutations that are not 
found in the genes of either parent, and this defect can be passed on to the next 
generation. 

 MDs can be inherited in three ways: (1) autosomal inheritance (from a normal 
gene from one parent and an abnormal gene from another parent), (2) autosomal 
recessive inheritance (both parents carry and pass on the faulty gene), and (3) 
X-linked recessive inheritance (when a mother carries the affected gene and passes 
it on to her child). 

 Although MD can affect other body tissues and organs, it mostly affects the integ-
rity of muscle fi bers. The disease causes muscle degeneration, progressive weakness, 
fi ber death, fi ber branching and splitting, phagocytosis (in which muscle fi ber is bro-
ken down and destroyed by scavenger cells) and, in some cases, chronic or permanent 
shortening of tendons and muscles. Overall muscle strength and tendon refl exes are 
usually lessened or lost due to replacement of muscle by connective tissue and fat.  

    Other Types of MD 

 According to NIH’s NINDS, there are nine major groups of MDs:

    1.    Duchenne MD   
   2.    Becker MD   
   3.    Congenital MD   
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   4.    Distal MD   
   5.    Emery–Dreifuss MD   
   6.    Facioscapulohumeral MD (FSHD)   
   7.    Limb-girdle MD   
   8.    Myotonic dystrophy (DM)   
   9.    Oculopharyngeal MD (OPMD)     

 These disorders are characterized by the extent and distribution of muscle weak-
ness, age of onset, rate of progression, severity of symptoms, and family history. 
Although some forms of MD appear in infancy or childhood, others may not appear 
until middle age or later. Overall, incidence rates vary, but each of the dystrophies 
causes progressive skeletal muscle deterioration. 

 Although it has been widely reported to be the third most common genetic disease 
of skeletal muscle, a 2008 analysis of rare diseases listed FSHD as the most prevalent 
form of MD at 7/100,000. This is discussed in greater detail in Chapter   3    . DMD and 
BMD are discussed in Chapter   4     and the other MDs are discussed in Chapter   5    .     
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    Chapter 3   
 FSHD: The Most Common Type of Muscular 
Dystrophy? 

             Raymond     A.     Huml       and     Daniel     P.     Perez   

            Introduction 

 Facioscapulohumeral muscular dystrophy, a complex, inheritable muscle disease, 
was historically known as Landouzy–Déjérine disease—named after the French 
neurologists Dr. Joseph Jules Déjérine (1849–1917) and Dr. Louis Théophile Joseph 
Landouzy (1845–1917). It is more commonly known today as FSHD or 
FSH. Landouzy and Déjérine fi rst named the disease FSHD in 1885 in order to 
distinguish the disease from the only other form of muscular dystrophy (MD) 
known at the time, DMD [ 1 ,  2 ]. 

 Although frequently reported as the third most common type of MD in older 
reports and articles, many newer sources [ 3 – 5 ], including a May 2014 report by 
Orphanet, ranks FSHD as the most prevalent type of MD [ 6 ]. According to Orphanet, 
FSHD is the most prevalent MD with 7 cases/1,000 persons reported as compared 
with DMD/BMD (5 cases/1,000 persons) and Steinert myotonic dystrophy (4.5 
cases/1,000 persons). Other prominent Websites, such as FSH Canada, also list 
FSHD as “the most prevalent of the nine primary types of MD affecting adults and 
children” [ 7 ]. Informal discussions with those affl icted with FSHD, as well as 
researchers and proponents of FSHD treatments, indicate that the incidence of 
FSHD is probably underreported. This may refl ect the fact that some patients with 
FSHD—such as those with mild symptoms, or those with an onset late in life—may 
not ever be formally diagnosed and thus may not be reported or included in patient 
registries. 

        R.  A.   Huml ,  M.S., D.V.M., R.A.C.      (*) 
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 The identifi cation of FSHD as the most common type of MD has important 
ramifi cations, for example, when allocating future Federal (U.S.) funding for 
research. Daniel P. Perez, CEO and Founder of the FSH Society, has testifi ed nearly 
 50  times before Congress. Due to his leadership efforts and testimony, funding for 
FSHD has grown from $1.5m/year in 2003 (out of $39.1m for all types of MD) to 
$5–6m in 2009–2013, a signifi cant increase, but not yet aligned, based on preva-
lence alone. According to the most recent testimony by Mr. Perez to the U.S. Senate 
Appropriations Committee on May 16, 2014, FSHD is one of the most common 
adult MDs with a prevalence of 1:15,000–1:20,000 [ 6 ,  7 ]. 

 Another important factor related to prevalence of disease is the potential market 
size for future FSHD treatments. Quite simply, a larger prevalence means a larger 
potential market and this may have an infl uence on the interest levels of third party 
capital providers investing in FSHD clinical trials and treatments. This is a win–win 
situation for both those affl icted with MD and those wishing to invest in the health-
care marketplace. 

 Despite being the most common form of MD, FSHD has only recently attracted 
attention from big pharma (e.g., GSK), largely due to major advances in the under-
standing of the gene/mechanism of disease [ 8 ]. For example, recent advances in the 
understanding of the cause of FSHD point to over-expression of a protein called 
DUX4, which is normally suppressed in adult muscles, but is activated in FSHD. A 
more detailed explanation is provided below in the section titled, “The Proposed 
Cause of FSHD.”  

    Overview of Symptoms of FSHD 

 The major symptom of FSHD is progressive weakening and loss of skeletal mus-
cles. The usual location of these weaknesses at onset is the origin of the name: face 
(facio), shoulder girdle (scapulo), and upper arms (humeral). Early weaknesses of 
the muscles of the eye (open and close) and mouth (smile, pucker, whistle) are dis-
tinctive. These symptoms, in combination with weaknesses in the muscles that sta-
bilize the scapulae (shoulder blades), are often the basis of the physician’s clinical 
diagnosis of FSHD. 

 The progression of FSHD is quite variable, even among affl icted siblings [ 9 ]. For 
most patients, the progression of the disease is usually relatively slow; however, it 
usually worsens during adolescent years as the muscular framework fails to keep 
pace with the expanding and lengthening skeletal structure. 

 Other skeletal muscles invariably weaken. Involvement of muscles of the foot, hip 
girdle, and abdomen is common. With FSHD, most affected people develop unbal-
anced (side-to-side) weaknesses. The reason for this asymmetry is unknown [ 10 ]. 

 In most cases, FSHD muscle involvement starts in the face and slowly progresses 
to the shoulder and upper-arm muscles and then down to the abdominal and foot- 
extensor muscles. Foot drop and foot weakness can be early manifestations and are 
generally accepted as part of the natural course of the disease [ 11 ,  12 ]. 

R.A. Huml and D.P. Perez
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 Initial signs of FSHD also include diffi culty reaching above the shoulder level, 
scapular winging, and facial weakness. Weakness in the abdominal muscles can 
cause a protuberant abdomen and lumbar lordosis and scoliosis (curvatures of the 
lower spine). The inability to run and balance and loss of power may manifest in 
patients with FSHD and may be more noticeable in FSHD patients who play sports, 
take dance classes, or even school gymnastics classes, as FSHD patients compete 
with peers. 

 The lower abdominal muscles are usually weaker than the upper abdominal mus-
cles. This distribution of weakness causes a positive Beevor’s sign—a characteristic 
weakness of the lower abdominal muscles, involving the movement of the navel 
towards the head on fl exing the neck—and, according to the FSH Society’s Website 
and other sources [ 13 ], prognostic for FSHD. 

 Other symptoms in FSHD patients include chronic pain in the majority of 
patients (50–80%) with severe pain in up to 23% [ 14 – 16 ], vision abnormalities (due 
to vascular abnormalities of blood vessels in the back of the eye, which cause visual 
problems in only about 1% of the cases) [ 13 ], progressive hearing loss (correlated 
with the severity of genetic abnormalities and especially in severe infantile cases), 
cardiac arrhythmias (generally asymptomatic), and cognitive impairment, some-
times with epilepsy. The latter conditions are rare, but may be seen in severe, early-
onset cases.  

    Autosomal Dominance 

 Most individuals with FSHD inherit the mutation from a parent with the disease. 
DNA is the means of transmission of inheritable traits from parent to child and 
occurs via chromosome transfer from one generation to the next. Each chromosome 
contains a strand of DNA. Human cells usually contain 46 chromosomes, 23 from 
each parent. Children inherit one member of each of the 23 pairs of chromosomes 
from each parent. Forty-four of the chromosomes, also called autosomes, are 
homologous pairs (numbered 1 through 22), with each strand of the pair having the 
same size, order, and arrangement with genes for the same traits in the same posi-
tion on the chromosome. The remaining chromosome pair consists of the nonho-
mologous sex chromosomes X and Y. A mother donates an X chromosome, and a 
father donates either an X or Y chromosome. Therefore, males have one X chromo-
some and one Y chromosome, while females have two X chromosomes [ 17 ]. 

 FSHD is the result of a DNA mutation on one member of the chromosome 4 pair. 
FSHD is highly penetrant. This means that when a person inherits a chromosome 4 
with the FSHD mutation, there is a high probability that discernible muscle weak-
nesses will develop. Since weakness still occurs in the presence of the normal mem-
ber of the chromosome 4 pair, the disease is considered dominant. FSHD is, 
therefore, a dominant inherited disease, meaning only one parent has to have the 
disease gene or deletion for his or her child to inherit FSHD. Since each parent 
donates only one member of each chromosome pair to a child, the probability of 
passing the disease to an offspring is 50%. 
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 If one has a blood parent, sibling, or other relative who has the FSHD mutation, 
there may be a risk of carrying that mutation. Often, when a person is diagnosed 
with FSHD, the disease is discovered to be throughout the extended family tree and 
over many generations. It is important to be aware that there may be other family 
members who are affected but unaware that they may have FSHD or may be at risk 
for FSHD. Professionals with knowledge of genetics and inheritance of FSHD can 
advise them regarding that risk.  

    The Proposed Cause of FSHD 

 A DNA mutation causes FSHD. The gene that is linked to FSHD is unknown, but 
its approximate location is toward the end of the DNA of the long arm of chromo-
some 4. The specifi c genetic location of the FSHD deletion is 4q35 in the D4Z4 
DNA region. Although the precise details are not yet known, the most probable 
cause of FSHD is inappropriate expression of protein called DUX4 by a “double 
homeobox protein 4 gene” [ 18 ,  19 ]. According to the FSH Society’s Website, 
approximately 2% of FSHD cases are not linked to the 4q35 deletion on chromo-
some 4. 

 Researchers are investigating the molecular connection between deletion and 
FSHD. The size of the deletion has a relationship to the severity of the disease—
patients with the fewest repeats (the largest deletion) typically have the most severe 
symptoms. 

 The DUX4 gene is normally expressed in germ line tissue (cells associated with 
reproduction, such as sperm and ovaries) and repressed in somatic cells (non-germ 
cells associated with forming other parts of the human body), but becomes over- 
expressed in FSHD patients and is toxic to muscle cells. 

 Two forms of the disease are recognized and reported in the literature: FSHD1 
and FSHD2. About 95% of patients with FSHD have the FSHD1 form, where 
one allele (called D4Z4) is contracted and the other D4Z4 allele is normal 
[ 20 ,  21 ]. De novo, or sporadic contraction of D4Z4, account for 10–30% of 
FSHD1 cases [ 22 ,  23 ]. 

 Less than 5% of FSHD patients have no contracted D4Z4 repeat arrays, but may 
still have abnormal DNA and are termed FSHD2 cases [ 24 ]. Patients with FSHD2 
sometimes have another mutated gene, called SMCHD1, which appears to upregu-
late D4Z4 and be the cause of some, if not most, cases of FSHD2 [ 25 ]. There is no 
generally accepted estimate of its incidence, but this is unlikely to exceed 2% of all 
cases of FSHD. 

 Infantile FSHD (IFSHD) is characterized by onset in early childhood. There is 
no generally accepted estimate of its incidence, but it is rare. FSHD occurs in all 
racial groups and with equal frequency in both sexes. 

 One cannot clinically distinguish one type of FSHD from the other.  
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    De Novo Cases of FSHD [ 19 ] 

 Studies report from 10% to as high as 33% of all FSHD cases result from a de 
novo (or sporadic) mutation. Approximately 20% of reported de novo cases are 
those inherited from a seemingly unaffected parent who is a “germline mosaic,” 
meaning that only the mother’s or father’s germ cells (the egg or sperm) are 
affected. When a germline mosaic is involved, the parent appears unaffected but 
the children are at risk. 

 In the remaining 80% of de novo cases, neither parent’s genes are affected; a new 
spontaneous mutation results in a chromosome 4 deletion that causes FSHD. When 
the 4q35 deletion fragment appears in a sporadic FSHD case, it is transmitted in an 
autosomal dominant (only one parent needs to be affected) manner to succeeding 
generations. The probability, then, of passing the disease to an  offspring is 50%.  

    Onset of Symptoms 

 Although the FSHD gene is present at birth, weaknesses are generally not notice-
able until the second decade. Sometimes, muscle weaknesses are slight throughout 
adulthood. A physician can usually clinically recognize and diagnose FSHD beyond 
the age of 20. However, it is important to realize that the onset of FSHD is highly 
variable and may require several physicians, with differing specialties, to diagnose 
younger patients or patients with milder symptoms. 

 In IFSHD, a young child or an infant develops symptoms. In IFSHD, there are 
facial weaknesses during the fi rst two years of life in addition to other typical mus-
cle weaknesses of FSHD. Some of these children also experience early hearing 
losses and retinal abnormalities.  

    Prognosis of FSHD 

 Predicting the exact course and outcome of FSHD is impossible because the rapid-
ity and extent of muscle loss differs considerably among FSHD patients—even 
among siblings. Some report few diffi culties throughout life, while others need 
orthotic devices (e.g., abdominal brace, leg or foot braces) or a wheelchair as walk-
ing becomes diffi cult or impossible. The degree of severity in an FSHD parent can-
not accurately predict the extent of disability that may develop in that parent’s child. 

 Some reports suggest than men with FSHD are more severely affected than 
women [ 26 ,  27 ]. 

 There is certainty that some skeletal muscles will weaken and waste throughout 
life and that this can, and often does, cause limitations on personal and occupational 
activities. The heart and internal (smooth) muscles seem spared and, with rare 
exceptions, those with FSHD have a normal life span.  
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    Diagnosing FSHD 

 Physical examinations by clinicians familiar with the disease, such as neurologists 
associated with an Muscular Dystrophy Association (MDA) Center, are dependable 
when there are clinical symptoms that follow an expected location and pattern of 
weakening muscles. 

 Often the physician will supplement a physical examination with inquiries about 
a possible family history of FSHD and may wish to take blood samples to help make 
the diagnosis. Other diagnostic tools that a physician may employ to confi rm a diag-
nosis of FSHD include:

•    Measurement of specifi c enzyme levels in the blood (e.g., creatine kinase or CK).  
•   An electromyograph or EMG, which records abnormal electrical activity of a 

functioning skeletal muscle.  
•   A muscle biopsy, where a small piece of muscle tissue is analyzed for visible 

abnormalities by a histopathologist.  
•   A DNA test, especially for equivocal cases for patients at younger ages and some 

at-risk adults with mild or asymptomatic cases. This test is highly reliable for 
most cases.

 –    The test detects the 4q35 DNA deletion described earlier. Although several 
factors may occasionally complicate the test, the FSH Society states that con-
fi rmation of the 4q35 deletion is 98% reliable as a presumptive diagnosis of 
FSHD. The test requires no more than a small amount of blood that one’s 
physician sends to a testing laboratory. The laboratory extracts suffi cient 
DNA for the test from the cells present in the blood.  

 –   Currently, there is no DNA test available for those cases where there is no 
linkage between FSHD and chromosome 4.     

•   Prenatal testing, which is available for those persons interested.    

 Many physicians will also refer a patient diagnosed with FSHD to undergo fur-
ther testing that may include:

•    A visual exam, including a retinal examination  
•   Pulmonary function tests  
•   Cardiac tests  
•   Orthopedic examination  
•   Radiographic examination (especially for scoliosis and lordosis to determine a 

baseline and to monitor progression)  
•   Referral for physical therapy  
•   Orthotic (man-made support devices, usually made of cloth, plastic, or rubber) to 

support the abdomen (e.g., with lordosis) or extremities (e.g., foot drop)  
•   Measurements for assisted mobility devices, such as a scooter, Segway-type of 

device, or electronic wheelchair    

 Neurologists are often the primary physicians in muscle disease clinics since 
muscles do their work through stimulation by nerves. Physiatrists are physicians 
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who work with chronic neuromuscular conditions. Periodic visits with a neurologist 
or physiatrist are useful to monitor the progress of FSHD and to obtain referrals to 
other professionals and services. An orthopedist (a physician concerned with the 
skeletal system and associated muscles, joints, and ligaments) can offer advice 
about mobility issues and other functional problems of the muscular/skeletal sys-
tem. Those with experience in MD/FSHD are generally the most helpful. 

 Physical therapy, including light exercise, helps preserve fl exibility. Swimming 
is especially helpful in this regard because of buoyancy and may make movements 
easier. According to the FSH Society’s website, a patient with FSHD should stay as 
active as possible, with rest breaks as needed during exercise and activities. 

 Occupational therapists can help with suggestions for adaptations and physical 
aids that can often partially free an FSHD patient from some constrictions of the 
disease. Foot drop can sometimes be managed with ankle-foot orthotics (AFOs) and 
knee-ankle-foot orthotics (KAFOs). Occupational and ergonomic therapists may 
even visit a FSHD patient’s home and make recommendations to improve the way 
a patient with FSHD can navigate their house or room. 

 Speech and hearing therapists can help with limitations imposed by hearing loss 
and weakened facial musculature to improve speech and communication.  

    Psychiatry and Psychological Counseling 

 While it is beyond the scope of this chapter to delve into all of the facets of psychi-
atric and psychological counseling for patients affl icted with FSHD, suffi ce it to say 
that a diagnosis of FSHD can be devastating to the patient, the patient’s family, and 
the patient’s caregivers. A patient, if diagnosed with clinical depression by a physi-
cian, may benefi t from medication (e.g., antidepressants) and regular counseling 
sessions. This is not inexpensive, but may be covered, at least in part, by insurance 
carriers, though there is usually a cost difference between in-network (physicians 
who may or may not be familiar with MD) and out-of-network physicians (who 
could be those who are most familiar with MD or those most sought after, but may 
or may not be in the insurance carrier’s plan). 

 There are many different types of experts who can provide counseling services 
for patients with FSHD; however, for simplicity, three are described below:

•    A psychiatrist, a medically trained physician trained to treat mental disorders, 
can prescribe medication, if needed, to a patient with FSHD.  

•   A psychologist (e.g., Ph.D.), trained to understand mental disorders, can help a 
patient learn new skills required to cope with complex, life-altering diseases such 
as FSHD. These experts cannot prescribe medication, but typically cost less per 
hour than psychiatrists.  

•   A Licensed Specialist Clinical Social Worker (LSCSW) or Licensed Clinical Social 
Worker (LCSW), with a Master’s degree in Social Work plus supervised experi-
ence and the required amount of continuing education, can counsel patients and 
families with FSHD and typically cost less than psychologists and psychiatrists.     
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    Treatments for FSHD 

 There is currently no disease modifying treatment or cure for FSHD. Most treat-
ments currently considered or proposed to “treat” FSHD have not yet been tested in 
randomized clinical trials. These may include: hormone supplementation (e.g., tes-
tosterone), protein supplements (creatinine monohydrate), or drugs used to decrease 
infl ammation (e.g., prednisone). To better understand and validate their use, many 
are now being properly investigated in clinical trials. See paragraph below titled, 
“Clinical Trials for Patients with FSHD” for additional details. 

 Pain is part of FSHD in many patients. No specifi c treatments are available. Pain 
medication and mild physiotherapy are often prescribed with moderate results. 

 Sometimes an orthopedic surgeon may recommend attaching the scapulae 
(shoulder blades) to the back to improve motion of the arms. An individual who is 
considering such surgery should consult with their neurologist or physiatrist and an 
orthopedic surgeon. Discussion of this procedure with individuals who have under-
gone the surgery is highly recommended. 

 Sometimes an orthopedic surgeon may wish to fuse the spinal column of a FSHD 
patient in order to correct lordosis/scoliosis. As this surgery is rarely performed, an 
individual may wish to consult with their neurologist, physiatrist, or other orthope-
dic/pediatric surgeons to determine possible negative or untoward consequences. 
Because this surgery may decrease or eliminate compensatory mechanisms and 
decrease remaining ambulatory time for a patient with FSHD, it is advisable to 
obtain several professional opinions to understand the risks and benefi ts of such a 
surgery before deciding upon this type of surgery for an ambulatory patient with 
FSHD. 

 Further discussion of treatment for patients with MD, not exclusively for FSHD, 
is provided in Chapter   7    .  

    Mobility Devices for Patients with FSHD 

 If a FSHD patient requires a mobility device, such as an electronic wheelchair (usu-
ally due to fatigue associated with walking or the inability to walk) or scooter, there 
is an extensive and sometimes protracted process that a patient must undergo to 
satisfy insurance requirements justifying their use and procurement. Based on the 
author’s experience, time limitations exist for physicians seeking to obtain a wheel-
chair for their FSHD patient (e.g., the physician recommending the procurement of 
a wheelchair must have seen the FSHD patient within the last six months) and may 
be limited to physicians practicing in the patient’s state of residence. This can be 
diffi cult for patients with FSHD who seek optimum treatment and may need to 
travel out of state to visit a physician or may have visited a physician within their 
state, but not within the six month “statute of limitations.” Therefore, the patient 
with FSHD and his/her caregiver should seek the advice of mobility provider to 
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make sure that the initial application has the highest probability of success upon 
initial submission/request. NuMotion, a provider of wheelchairs in North Carolina 
(and a hub for the MDA “closet” where devices for persons affl icted with MD are 
offered for free), is one example of a mobility provider that not only understands the 
situation for families dealing with MD, but can act as an advocate for the entire 
family. 

 The MDA can be helpful in assisting patients with FSHD or even provide loaner 
wheelchairs—called “closet wheelchairs”—free of charge for those that qualify or 
for patients waiting for a customized wheelchair. There may be assistance regarding 
their upkeep and repair, and patients and caregivers should inquire about such ser-
vices when procuring a wheelchair. It is beyond the scope of this chapter to discuss 
mobility transport, but it may include: wheelchair with ramps to place the wheel-
chair in a van/truck; exterior carriers that mount to a hitch on the back of a vehicle; 
and collapsible scooters that can be taken apart to carry in the trunk of a car.  

    Clinical Trials for Patients with FSHD 

  Clinicaltrials.gov  lists 17 trials using the search term “FSHD”, but this may be a 
little misleading as the 17th trial (as accessed on June 2, 2014) actually lists the title 
of the trial as for DMD and not FSHD. Most of the trials posted are related to the 
study of antioxidants, protein supplementation, and physical therapy and may be 
out of date or abandoned for lack of effi cacy or the inability to obtain additional 
funding. Some of the compounds under investigation, such as albuterol and predni-
sone, have been marketed for many years, but are not approved for FSHD, and 
therefore, have not been formally studied in the clinical trial setting for the treat-
ment of FSHD. Some products, at fi rst blush, appear to be unique, such as Wyeth’s 
(now Pfi zer’s) MYO-029; however, the last update was in 2007 and the Website 
states that the trial is now closed. A review of ADIS reports (in June 2014) lists 
MYO-029 as “discontinued in Phase II.” 

 Additional discussion of treatments, including a discussion of clinical trials, is 
provided in Chapter   12    .  

    FSHD Respiratory Insuffi ciency [ 10 ] 

 Respiratory involvement may be seen with FSHD. Evaluation of the symptoms and 
signs of respiratory insuffi ciency should be sought during routine clinic visits in 
patients with moderate to severe FSHD. Regular monitoring of respiratory function 
is suggested as individuals might experience insuffi ciency over a long period of 
time without presenting signs. 

 Symptomatic respiratory insuffi ciency can be initially managed with nighttime 
noninvasive pressure support, e.g., a BiPAP machine. In very severe cases, patients 
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may require the use of a ventilator. For FSHD patients with respiratory insuffi ciency, 
in standard practice, trauma (ER, ICU), surgery, and anesthesiology settings, care 
should be taken not to suppress respiratory drive with narcotics unless it is a situa-
tion of palliative care. It is important to notify the doctors about FSHD and any 
respiratory problems the patient might have or be at risk for. 

 Oxygen supplementation can be detrimental to patients with hypercarbic (high 
CO 2 ) respiratory failure and lead to worsening CO 2  levels. Oxygen should generally 
not be administered unless BiPAP or similar ventilatory support is also being used. 
Consultation with the patient’s primary physician and a pulmonologist can enable 
periodic monitoring of CO 2  levels in the offi ce/school setting or pulmonary function 
lab in the hospital.     
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    Chapter 4   
 Duchenne and Becker Muscular Dystrophies: 
Underlying Genetic and Molecular 
Mechanisms 

             Jean     K.     Mah     

            Introduction 

    Duchenne and Becker muscular dystrophy are allelic disorders caused by mutations 
of the Duchenne muscular dystrophy (DMD) gene located on Xp21, which encodes 
for the dystrophin protein. DMD is the most common form of muscular dystrophy 
(MD) in childhood, with an estimated incidence of 1 per 3,500 live-born males [ 1 ] 
and a pooled prevalence of DMD of 4.78 (95% CI 1.94–11.81) per 100,000 males 
worldwide [ 2 ]. A brief review of the historical development serves to highlight the 
key clinical features associated with this disease. The condition was fi rst described 
by Edward Meryon (1809–80), a British physician, in the 1850s [ 3 ]. His detailed 
clinical descriptions of eight affected boys including diffi culty walking from an 
early age and later climbing stairs, with loss of ambulation and death occurring 
teenage years without any intervention are consistent with the progression and natu-
ral history of DMD. By microscopic exam, Meryon correctly surmised that the 
defect lies in the muscle cytoskeleton. A decade later, Duchenne described a young 
boy suffering from a progressive condition characterized by muscular weakness and 
calves hypertrophy; he was credited with the name for this disease [ 4 ]. In 1879, 
Gowers wrote a detailed review of the literature on DMD, including his own series 
of 20 cases. He provided clear illustrations of the method utilized by children with 
DMD to rise from the ground to a standing position; to this day, this phenomenon is 
still referred to as the Gowers’ sign [ 5 ]. 

 Becker muscular dystrophy (BMD) is a generally milder and more variable 
form of dystrophinopathy, with an incidence of 1 in 18,518 male births [ 1 ], and a 
pooled prevalence of 1.53 (95% CI 0.26–8.94) per 100,000 males worldwide [ 2 ]. 
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Similar to DMD, boys with BMD present with progressive muscle weakness and 
calf  hypertrophy; however, the onset is often later and the progression is slower in 
BMD [ 6 ], with affected boys usually walking beyond the age of 16 years. Other 
presenting complaints of dystrophinopathies include myalgia and cramps [ 7 ], 
developmental delay, cognitive dysfunction [ 8 ], or dilated cardiomyopathy [ 9 ].  

    Case Example 

 A two-year-old boy was referred for gross motor and speech delay. He was born at 
36 weeks with a birth weight of 3.2 kg; there were no postnatal complications. He 
rolled at 6 months, sat at 12 months, and walked at 19 months of age. His speech 
was delayed, with only fi ve words at two years. Family history was unremarkable. 
On examination his growth parameters were normal. Cranial nerves II to XII were 
intact. Motor exam revealed symmetrical bulk and tone, with prominent calf mus-
cles. Spontaneous antigravity strength was present in all four limbs, but he needed 
help to get up from the fl oor. Deep tendon refl exes were 2+ throughout, with down- 
going plantar responses. Sensation and gait were grossly intact. Investigations 
including brain MR imaging, TSH, hearing, and metabolic screen were normal. 
Serum creatine kinase (CK) levels were elevated, ranging from 7,975 to 
17,988 U/L. Molecular genetic testing showed deletion of exons 46–53, an out-of- 
frame mutation in the dystrophin gene, consistent with a diagnosis of DMD. 

 In addition to motor developmental delay, proximal more than distal muscle 
weakness, and calf hypertrophy, this case illustrates that boys with DMD may have 
variable degrees of speech delay and/or cognitive impairment. Serum creatine 
kinase is usually markedly elevated, and muscle biopsy shows a dystrophic process 
with absent immunostaining for dystrophin. Progressive muscle degeneration is 
associated with scoliosis, cardiomyopathy, and respiratory insuffi ciency. With 
appropriate supportive strategies such as noninvasive positive pressure ventilation, 
survival beyond the third decade of life is now possible for many young adults with 
DMD [ 10 ,  11 ].  

    Genetics 

 The DMD gene is one of the largest known human genes. It contains 79 exons, 
including an actin-binding domain at the N-terminus, 24 spectrin-like repeat units, 
a cysteine-rich dystroglycan binding site, and a C-terminal domain [ 12 ,  13 ]. The 
extremely large size of the gene contributes to a high spontaneous mutation rate 
[ 14 ]; approximately one-third of cases occur as a result of de novo mutations [ 15 ]. 
Two-thirds of DMD mutations are due to large deletions, while duplications occur 
in about 10% of cases; the remaining 25% include small deletions, insertions, point 
mutations, splicing mutations, as well as other complex mutational spectra [ 16 ,  17 ]. 
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Details on dystrophin mutations are available from the Leiden muscular dystrophy 
database (  www.dmd.nl    ). According to the reading frame hypothesis, the phenotype 
for the majority (90%) of dystrophinopathies can be predicted by whether the 
genetic alteration results in an in-frame or out-of-frame mutation [ 18 ]. In-frame 
mutations produce a semifunctional truncated dystrophin protein resulting in BMD, 
whereas DMD is the result of out-of-frame mutations leading to a severely trun-
cated and non-functional protein [ 19 ]. Three full-length isoforms are derived from 
independent promotors in brain, retina, and Purkinje cerebellar neurons. These and 
other tissue-specifi c isoforms are responsible for the extramuscular manifestations, 
including cognitive and learning issues [ 20 ].  

    Pathogenesis 

 Dystrophin is a 427 kDa cytoskeletal protein which is essential for muscle fi ber 
stability. It binds to F-actin via its N-terminus and a cluster of basic repeats in its rod 
domain [ 20 ]. It also binds to dystroglycan via its cysteine-rich domain, and to dys-
trobrevin and syntrophin via its C-terminal domain; the latter is associated with 
nNOS, which is important in regulating the vasomotor response of the muscle, par-
ticularly during periods of exercise [ 21 ]. The dystrophin glycoprotein complex con-
fers structural stability by forming a bridge across the sarcolemma and connecting 
the basal lamina of the extracellular matrix to the inner cytoskeleton; it is also 
essential for cell survival via its transmembrane signaling function [ 22 ]. Loss of 
dystrophin as a result of DMD gene mutations disrupts the dystrophin glycoprotein 
complex, leading to a cascade of events resulting in progressive muscle degenera-
tion with diminished regenerative capacity, satellite cell depletion, and connective 
tissues replacement. In the absence of proper membrane-matrix attachment, 
mechanical stress from muscle contraction produces defects in the sarcolemma, 
with infl ux of calcium through the membranous lesions or through ion channels [ 21 , 
 23 ]. Calcium dysregulation activates calcium-dependent proteases to further 
degrade muscle membrane proteins [ 24 ]. Furthermore, loss of nitric oxide results in 
increased oxidative stress, tissue ischemia, and reparative failure [ 25 ]. The progres-
sion is clearly visible with more severe fi brosis and fatty replacement, as well as 
more variation in fi ber size in the later muscle biopsies [ 26 ].  

    Diagnosis 

 The diagnosis of Duchenne and Becker muscular dystrophy is based on careful 
review of the clinical features and confi rmed by additional investigations including 
muscle biopsy and/or genetic testing    [ 27 ,  28 ]. Suspicion of the diagnosis of DMD 
is usually triggered in one of three ways, including (1) most commonly, the observa-
tion of abnormal muscle function with signs of proximal muscle weakness in a male 
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child; (2) the detection of elevated serum creatine kinase as part of routine screening; 
or (3) the presence of elevated liver enzymes including aspartate aminotransferase 
and alanine aminotransferase, both of which are produced by muscle as well as liver 
cells. The presence of gross motor or speech delay in a male child should trigger the 
order of serum creatine kinase as initial diagnostic screening for DMD, especially if 
the child also has an abnormal gait [ 29 ]. A positive family history is not required as 
up to one-third of cases may occur as a result of spontaneous mutation. 

 Detection methods for DMD mutations include multiplex PCR that examines the 
most commonly deleted regions of the gene, and other assays that interrogate all 79 
exons, such as the multiplex ligation-dependent probe amplifi cation (MLPA) or 
comparative genomic hybridization (CGH) microarray [ 17 ,  30 ]. If the presence of a 
disease-causing deletion or duplication is not identifi ed by a state-of-the-art DNA 
diagnostic technique, complete gene sequencing is helpful to defi ne the precise 
mutational event. A muscle biopsy can also be obtained for dystrophin immunos-
taining plus extraction of cDNA and RNA. Using all available diagnostic methods, 
it is possible to identify the dystrophin mutations and confi rm the clinical pheno-
types in nearly all patients with dystrophinopathy [ 31 ]. Identifi cation of a specifi c 
dystrophin mutation is important for accurate diagnosis, prognosis, and treatment 
for patients with DMD/BMD as well as genetic counseling for their families. Most 
heterozygous female carriers of DMD mutations are asymptomatic. Approximately 
2–8% of these carriers are manifesting carriers (MCs) who develop mild to moder-
ately severe progressive DMD-like muscular dystrophy [ 32 – 34 ]. Rarely, they can 
also present exclusively with cognitive and/or cardiac dysfunction [ 35 ].  

    Treatment 

 There is presently no cure for DMD. Current strategies include promoting proper 
nutrition, delaying the onset of complications, and optimizing health outcomes 
through on-going support [ 27 ,  28 ]. Pharmaceutical interventions include the use of 
corticosteroids for skeletal muscle weakness and afterload reduction for cardiomy-
opathy. The introduction of noninvasive positive pressure ventilation has prolonged 
the survival of individuals with DMD. The mean age of death from DMD was 14.4 
years in the 1960s, compared to 25.3 years since the advent of home ventilation in 
the 1990s, with improvement in patients’ health-related quality of life [ 11 ,  36 ]. 

    Therapeutic Strategies 

 Recent scientifi c advances have led to potential disease modifying treatments for 
many neuromuscular diseases including DMD [ 37 ,  38 ]. Updated information about 
DMD clinical trials is available at   http://www.clinicaltrials.gov    . Treatments are also 
discussed in Chapters   7     and   12     of this book. Identifi cation of coordination centers 
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and patients eligible for specifi c DMD trials has been greatly facilitated by the 
establishment of TREAT-NMD and other international DMD disease registries [ 39 ]. 
The main therapeutic strategies include: (a) muscle membrane stabilization and 
upregulation of compensatory proteins [ 40 ,  41 ]; (b) enhancement of muscle regen-
eration and reduction of the infl ammatory cascade [ 42 ,  43 ]; and (c) gene therapy to 
restore protein production [ 44 ,  45 ]. Examples of current therapeutic strategies are 
highlighted below.  

    Gene Therapy 

     (a)    Gene-replacement using virus vectors: Previous attempts to develop gene ther-
apy for DMD have been complicated by the enormous size of the dystrophin 
gene. Subsequently, deletion of multiple regions of the dystrophin protein led to 
generation of highly functional mini- and micro-dystrophins; injection of 
adeno-associated viruses carrying micro-dystrophins into dystrophic muscles 
of canine model of DMD results in a striking improvement in the histopatho-
logical features of this disease    [ 26 ,  46 ]. Clinical trials designed to replace defec-
tive genes in DMD are in progress [ 47 ].   

   (b)    Exon-skipping: Exon-skipping uses synthetic antisense oligonucleotide 
sequences to correct the dystrophin gene deletion by causing the muscle cells to 
“skip over” the reading of specifi c exons, and then produce an internally trun-
cated protein similar to the dystrophin protein expression seen in BMD. An 
earlier phase 1 clinical trial using PRO051, an antisense oligonucleotide, 
showed partial restoration of dystrophin after a single intramuscular injection 
into the tibialis anterior muscles of four boys with DMD [ 48 ]. This was fol-
lowed by other phase 2 studies including repeated injections of drisapersen, a 
2′- O -methyl-phosphorothioate antisense oligonucleotide, into a larger number 
of DMD boys over a 48-week study period, with similar promising results [ 49 ]. 
Antisense therapies that induce single or multiple exon-skipping could poten-
tially be helpful for other types of dystrophin mutations [ 50 ,  51 ].   

   (c)    Nonsense suppression therapy: Approximately 10–15% of dystrophin mutation 
is due to point mutation leading to a premature stop codon [ 52 ]. Premature stop 
codons are nucleotide triplets within mRNA that signal the termination of trans-
lation by binding release factors which cause the ribosomal subunits to disas-
sociate, releasing the amino acid chain, and causing any resulting protein to be 
abnormally shortened. This often results in a loss of function in the protein, as 
critical parts of the amino acid chain are no longer created. Ataluren, also 
known as PTC124, is an orally bio-available drug candidate designed to over-
come premature nonsense mutations [ 53 ]. It binds to the large ribosomal sub-
unit, where it causes a conformational change and thus allows ribosomes to 
read through the premature stop codon in mRNA to produce a modifi ed dystro-
phin protein. Phase 2 and 3 studies of ataluren show promise for the treatment 
of boys with premature stop codon mutations [ 54 ,  55 ].      
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    Cellular Targets 

     (a)    Cytoskeleton protein upregulation: The dystrophin glycoprotein complex forms 
a bridge across the sarcolemma and fl exibly connects the basal lamina of the 
extracellular matrix to the inner cytoskeleton. It also acts as a transmembrane 
signaling complex which is essential for cell survival. Compensatory upregula-
tion of cytoskeleton proteins including utrophin [ 56 ], alpha-7-beta-1 integrin 
[ 57 ], biglycan [ 58 ], and sarcospan [ 59 ] have been shown to stabilize the sarco-
lemma in the absence of dystrophin in mdx mice. Further clinical trials are 
pending.   

   (b)    Nuclear factor-kappa B (NF-κB): In DMD mouse models and patients, the IκB 
kinase/NF-κB (IKK/NF-κB) signaling is persistently elevated in immune cells 
and regenerative muscle fi bers [ 60 ]. As well, activators of NF-κB such as tumor 
necrosis factor-α (TNF-α) and interleukins (IL-1 and IL-6) are upregulated in 
DMD muscle. As pharmacological inhibition of NF-κB using the NEMO- 
binding domain (NBD) peptide resulted in improved pathology and muscle 
function in murine model of MD [ 61 ,  62 ], additional research is needed to iden-
tify the role of selective NF-κB modulators for use in DMD. Potential therapies 
include  N -acetylcysteine [ 63 ], green tea extract [ 64 ], idebenone [ 65 ,  66 ], and 
melatonin [ 67 ,  68 ] for DMD.      

    Muscle Regeneration 

     (a)    Insulin-like growth factor (IGF-1): The therapeutic potential of upregulating a 
positive regulator of muscle development and regeneration using IGF-1 has 
been demonstrated in the dystrophic mouse models, especially when combined 
with mesenchymal stromal cells [ 69 ,  70 ]. Due to its regeneration-enhancing 
mechanism, this combinational approach may have general applicability for 
other MDs.   

   (b)    Myostatin inhibition: Myostatin is a negative regulator of muscle mass. 
Inhibition or blockade of endogenous myostatin offers a potential means to 
compensate for the severe muscle wasting that is common in many types of 
MDs including DMD. A phase I/II multicenter clinical trial using a myostatin 
blocking antibody (MYO-029) for adult subjects with Becker muscular dystro-
phies and other dystrophies demonstrated safety, but was not suffi ciently pow-
ered for effi cacy [ 71 ]. Clinical trials using follistatin and other myostatin 
inhibitors are on-going [ 72 ,  73 ].   

   (c)    Transforming growth factor-β (TGF-β): Elevated levels of TGF-β in MDs stim-
ulate fi brosis and impair muscle regeneration by blocking the activation of sat-
ellite cells. A number of anti-fi brotic agents have been tested in murine models 
of MD, including losartan, an angiotensin II- type 1 receptor blocker that reduces 

J.K. Mah



27

the expression of TGF-β [ 74 – 76 ]. Other potential fi brosis inhibitors include 
halofuginone [ 77 ] and targeted microRNAs [ 78 ,  79 ]; further clinical trials are 
pending.      

    Standard of Care for DMD 

 Until there is a cure, current treatment strategies for DMD focus on promoting well- 
balanced diet, participating in regular physical activity as tolerated, delaying the 
onset of complications via pharmaceutical treatments, and optimizing health 
outcomes through appropriate medical and psychosocial support. Recent publica-
tions have provided comprehensive reviews on the diagnosis and multidisciplinary 
management of DMD, including the use of prednisone or defl azacort (a corticoste-
roid anti-infl ammatory product) to preserve muscle strength [ 80 ,  81 ], optimizing 
growth and development, surveillance for spinal deformities    [ 82 ], managing respi-
ratory complications [ 83 ,  84 ], and treating cardiomyopathy [ 85 ,  86 ]. As well, bone 
health, nutrition, learning disability, behavior problems, access to wheelchairs, and 
other adaptive technology should be included as part of the comprehensive treat-
ment plan. The purpose of the DMD standard of care recommendations is to provide 
a framework for recognizing the primary manifestations and for planning optimum 
treatment across different specialties with a coordinated multidisciplinary team [ 27 , 
 28 ]. Multidisciplinary coordination of care including respiratory, cardiac, orthope-
dic, and rehabilitative interventions has led to improvements in function, quality of 
life, health, and longevity. 

 Current pharmaceutical interventions include the use of corticosteroids for skel-
etal muscle weakness. Corticosteroids such as prednisone and defl azacort are the 
only medications currently available to fi ght against the rate of progression of mus-
cle weakness and the development of secondary complications as part of the natu-
ral history of DMD. Defl azacort is an oxazoline derivative of prednisone, with 
similar side effects except for weight gain. Prednisone and defl azacort are being 
compared in a head-to-head fashion in the current FOR-DMD clinical trial. 
Historically, corticosteroids offer benefi t to DMD boys by improving muscle 
strength and function [ 87 ,  88 ], prolonging independent ambulation [ 89 ,  90 ], plus 
slowing the progression of scoliosis [ 91 ] and cardiomyopathy [ 92 ]. On the basis 
of this literature and clinical experience, the current standard of care guideline 
strongly urge the consideration of corticosteroid therapy in all DMD patients [ 27 ,  28 ]. 
Continued treatment after the patient becomes non-ambulatory has also been 
shown to be benefi cial [ 93 ]. 

 A high index of suspicion for steroid-related side-effects needs to be maintained 
at all times, including the development of short stature, obesity, cataracts, and skel-
etal fractures [ 90 ,  94 ]. In particular, boys with DMD are at risk of developing 
multiple vertebral fractures due to combination of long-term corticosteroid use, 
muscular weakness, and immobility [ 95 ]. Given the impact of vertebral fractures on 
quality of life, cyclical intravenous pamidronate treatment should be considered to 
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help minimize back pain and rebuild bone mass; however, long-term effi cacy of 
bisphosphonate therapy for DMD remains limited [ 96 ,  97 ]. Current recommenda-
tion reserves the use of bisphosphonates to children with reduced bone mass plus 
symptomatic vertebral collapse and/or recurrent fragility fractures in the extremity, 
particularly in the context of persistent or multiple risk factors [ 27 ,  28 ]. 

 Cardiac complication is common in DMD; most often it manifests as a cardio-
myopathy and/or cardiac arrhythmia [ 98 ]. Cardiomyopathy is one of the leading 
causes of mortality in DMD [ 36 ,  99 ]. Despite the high prevalence of cardiac dis-
ease, most affected individuals are asymptomatic    [ 100 ]; cardiac symptoms were 
reported in approximately 50% of DMD patients under 18 years of age, likely due 
to their low physical capability. Baseline assessment of cardiac function including 
electrocardiography (ECG) and echocardiogram should be done at diagnosis or by 
the age of six years, with reassessment at least once every two years until the age of 
ten years, and with annual complete cardiac assessments afterwards [ 27 ,  28 ]. 
Common ECG abnormalities include sinus tachycardia; as the posterior wall of the 
left ventricle is often most affected in DMD, abnormally tall R waves in V1 and 
deep Q waves in the inferolateral leads, ST depression, prolonged QT interval, and 
increased QT dispersion can also be found [ 101 ]. Echocardiographic evidence of 
structural heart disease in DMD patients includes LV hypertrophy, regional wall 
motion abnormalities, dilation of the cardiac chambers, valvular abnormalities, and 
LV systolic dysfunction [ 102 ]. Furthermore, LV wall motion abnormalities progress 
in a set sequence in DMD patients, initially involving the posterior wall and the 
apex, followed by the interventricular septum and fi nally the anterior wall [ 103 ]. 
Boys on corticosteroids will need additional monitoring for hypertension, espe-
cially when adjustment in the dose of corticosteroids is made periodically to com-
pensate for growth. Afterload reduction therapy such as angiotensin-converting 
enzyme inhibitor or beta-blocker for cardiomyopathy may be indicated as early 
preventive treatment [ 27 ,  28 ,  101 ]. 

 Patients with DMD are also at increasing risk of respiratory complications over 
time due to progressive loss of respiratory muscle strength. The earliest signs of 
respiratory insuffi ciency often manifest in sleep and include ineffective cough, noc-
turnal hypoventilation, sleep disordered breathing, and eventually daytime respira-
tory failure. Death is due to respiratory failure in the majority of individuals with 
DMD [ 36 ,  99 ]. The treatment of choice for sleep apnea and nocturnal hypoventila-
tion in DMD patients is positive pressure ventilation, which can be delivered using 
nasal mask noninvasively. The use of noninvasive positive pressure ventilation has 
led to prolonged survival of individuals with DMD [ 104 ]. Benefi ts of noninvasive 
positive pressure ventilation include improved sleep quality, decreased daytime 
sleepiness, improved daytime gas exchange, and a slower decline in the pulmonary 
function, leading to reduced hospitalization and improved health-related quality of 
life. Additional supportive strategies may include mechanical insuffl ation–exsuffl a-
tion and lung volume recruitment exercises [ 105 ,  106 ]. Treatment with oxygen 
alone should be avoided without ventilatory support as individuals with respiratory 
insuffi ciency secondary to DMD may develop worsening of their hypoventilation 
and hypercarbia [ 27 ,  28 ]. 

J.K. Mah



29

 Individuals with DMD develop increasing joint contractures and loss of muscle 
extensibility as a result of progressive weakness, immobility, muscular imbalance 
about a joint, and fi brotic replacement in muscle tissue. Affected boys and their 
families should be taught how to do active, active-assisted, and/or passive stretching 
daily or at least of 4–6 days per week, initially focusing on the ankles and then to 
other joints or muscle groups as tolerated [ 27 ,  28 ]. Night splints can be worn to help 
minimize heel cord contractures, especially when present during the early ambula-
tory phase of DMD. Serial casting may also be tried for short periods of time as long 
as it does not signifi cantly affect mobility [ 27 ,  28 ]. Ankle-foot-orthotics are gener-
ally not indicated for use during daytime ambulation as they may limit compensa-
tory movements needed for effi cient ambulation, add extra weight that can 
compromise ambulation, and make it diffi cult to rise from the fl oor [ 27 ,  28 ]. 

 Routine health surveillance and meticulous growth record is important, espe-
cially for individuals with DMD in the pediatric age group. Anticipatory guidance 
including regular exercise, well-balanced diet, and avoidance of underweight/mal-
nutrition or overweight/obese should be provided from diagnosis throughout life. 
The goal of optimal nutritional status, defi ned as weight for age or body-mass index 
for age from the 10th to 85th percentiles on national percentile charts, is encouraged 
[ 27 ,  28 ]. Referral to dietitian and more formal feeding or swallowing assessments 
may be indicated to help achieve these goals [ 107 ]. Other anticipatory guidance 
includes annual immunization with the trivalent inactivated infl uenza vaccine and 
periodic immunization with 23-valent pneumococcal polysaccharide vaccine is 
indicated, in addition to routine immunizations. Updates of recommendations are 
available through national organizations such as the American Academy of 
Pediatrics (  www.aap.org    ) or the Centers for Disease Control and Prevention (  www.
cdc.gov/    ) in the U.S. 

 The medical care of individuals with DMD and their families requires multidis-
ciplinary care and on-going psychosocial support. For many parents, the stress 
caused by the psychosocial problems of their child exceeds those associated with 
the physical aspects of the disease [ 108 ]. Increased burden of care and emotional 
distress are also common among caregivers of adults who have DMD [ 109 ]. These 
realities underscore the need for assessment and support of the entire family [ 27 , 
 28 ]. Other parents learned to normalize their experience over time and experience 
similar levels of psychosocial stress to other families with healthy children    [ 110 , 
 111 ]. Indeed, there are both positive and negative experiences in living and caring 
for individuals with DMD [ 112 ]. One study provided parents of children with severe 
neuromuscular disease, such as DMD, the opportunity to speak of their daily lives 
and the challenges [ 110 ,  111 ]. The lived experience for the parents can be summed 
up by one keyword of being the “lifeline” for their child. However, this lifeline also 
embodies a reciprocal relationship with the child, as one parent explained: “I think 
it’s more of a connection between the child and the parents are both lifelines for 
each other… you’re receiving everything as much as you’re giving.” It challenges 
some of the assumptions about the disease, including the higher than expected quality 
of life and resilience shown by individuals with DMD and their families.   

4 Duchenne and Becker Muscular Dystrophies…

http://www.aap.org/
http://www.cdc.gov/
http://www.cdc.gov/


30

    Conclusion 

 The pathogenesis affecting DMD is complex; multiple interventions targeting 
different disease processes are needed. Early recognition and precise genetic diag-
nosis will allow for new emerging therapeutic options for DMD. Even though there 
is currently no cure, respiratory intervention and other supportive strategies as out-
lined in standard of care for DMD have led to improved survival and better health- 
related quality of life for many affected individuals. Those who are diagnosed today 
have the possibility of a life expectancy into their fourth decade. Collaboration 
remains the key strategy for optimizing neuromuscular care and advancing research 
for DMD globally.     
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    Chapter 5   
 An Overview of the Other Muscular 
Dystrophies: Underlying Genetic 
and Molecular Mechanisms 

             Jean     K.     Mah     

            Introduction 

    Muscular dystrophies (MDs) refer to a heterogeneous group of disorders associated 
with on going muscle degeneration and regeneration, leading to progressive weak-
ness. They can be transmitted as autosomal dominant, autosomal recessive, or 
X-linked pattern of inheritance; sporadic cases may also arise as a result of de novo 
mutation, in the absence of any family history of affected individuals. The distribu-
tion of weakness in MDs includes a limb-girdle pattern, with shoulder and hip gir-
dle muscle involvement; a humeroperoneal pattern, with predominantly triceps, 
biceps, and peroneal muscles weakness; or a distal pattern, with distal weakness in 
the legs and arms [ 1 ]. Examples of MDs include congenital muscular dystrophy 
(CMD), myotonic dystrophy (DM), limb girdle muscular dystrophy (LGMD), 
Emery–Dreifuss muscular dystrophy (EDMD), oculopharyngeal muscular dystro-
phy (OPMD), facioscapulohumeral muscular dystrophy (FSHD), Duchenne muscu-
lar dystrophy (DMD), and Becker muscular dystrophy (BMD). According to Emery, 
the prevalence of MDs ranged from 1.3 to 96.2 per million, with DMD being most 
prevalent among boys during childhood, and myotonic dystrophy as one of the 
most common forms of MDs worldwide [ 2 ]. 

 Traditionally, the classifi cation of MDs is based on a combination of clinical and 
pathological criteria, including the age of onset and distribution of muscle weakness, 
the extent of disease progression, associated symptoms, systemic features, family 
history, serum creatine kinase, muscle histology, as well as electromyography and 
nerve conduction studies (EMG/NCS). Increasingly, the diagnosis of MDs requires 
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genetic confi rmation, as there can be considerable variations and overlaps in the 
clinical phenotypes [ 3 ]. The differential diagnosis of MDs includes other inherited 
and acquired causes of muscle weakness such as infl ammatory myopathies, congeni-
tal or metabolic myopathies, non-dystrophic myotonias, muscle channelopathies, 
motor neuron diseases, neuropathies, and neuromuscular junction transmission 
defects; a careful neurological examination plus appropriate ancillary tests should be 
performed to exclude these disorders [ 4 ]. This chapter aims to provide an overview 
of the myotonic dystrophies, LGMDs, and congenital muscular dystrophies. 
Duchenne and Becker muscular dystrophy as well as facioscapulohumeral dystro-
phy are discussed in other chapters.  

    Myotonic Dystrophies 

 Myotonic dystrophies are autosomal dominant disorders associated with myotonia, 
progressive muscular weakness, as well as extramuscular manifestations such as 
cardiac arrhythmia, cataracts, endocrine dysfunction, and variable degrees of cen-
tral nervous system involvement. These diseases are classifi ed as type 1 or type 2 
myotonic dystrophy, based on clinical features as well as molecular genetic diagno-
sis. Type 1 myotonic dystrophy is due to an abnormal expansion of trinucleotide 
(CTG) repeats located in the 3′-untranslated region of the dystrophia myotonica 
protein kinase gene, located on chromosome 19q13.3 [ 5 ,  6 ]. Type 2 myotonic dys-
trophy is caused by an expansion of tetranucleotide (CCTG) repeats in intron 1 of 
the zinc fi nger protein 9 (ZNF9) gene, located on chromosome 3q21.3 [ 7 ,  8 ]; it is 
also known as proximal myotonic myopathy (PROMM) [ 9 ] or proximal myotonic 
dystrophy (PDM) [ 10 ]. The expanded repeats in both types of myotonic dystrophies 
are associated with intranuclear accumulations of ribonucleic acid (RNA) inclu-
sions, resulting in abnormal interactions with RNA-binding proteins and misregula-
tion of developmentally programmed alternative splicing [ 11 ,  12 ]. The altered 
distribution of muscleblind-like 1 and CUG-binding proteins adversely affects tran-
scription, translation, and cell signaling functions [ 13 ,  14 ]. Furthermore, nuclear 
sequestration of muscleblind-like proteins inhibits myoblast differentiation and 
impairs muscle regeneration [ 15 ,  16 ]. Moreover, it has been shown that the highly 
regulated pathways of miRNA are altered in skeletal muscle and heart tissues, thus 
potentially contributing to disease pathogenesis [ 17 ,  18 ]. 

    Type 1 Myotonic Dystrophy 

 Type 1 myotonic dystrophy (DM1) is one of the most common forms of MD in 
adulthood, with an estimated prevalence of 1 in 8,000 [ 19 ]. It is subdivided into 
several clinical phenotypes depending on the age of presentation, including the 
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congenital, early childhood, adult, and late onset forms. Normal alleles range from 
5 to 37 CTG repeats. An abnormal increase in CTG beyond 50 repeats is unstable 
and may result in further expansion in the germline, leading to genetic anticipation 
with more severe weakness and earlier onset of disease in successive generations 
among affected families [ 20 ,  21 ]. In the severe congenital form of myotonic dystro-
phy type 1, 1,000 or more CTG repeats may be demonstrated, while 50–1,000 
repeats are seen in the later onset form of the disease [ 22 – 25 ]. 

    Congenital Myotonic Dystrophy 

 Infants with this severe form of type 1 myotonic dystrophy are overtly symptomatic 
at birth [ 26 ]. The mother is the affected parent in most cases, and polyhydramnios 
is commonly reported during the pregnancy because of inadequate fetal swallowing 
of amniotic fl uid [ 27 ,  28 ]. Common neonatal manifestations include joint contrac-
tures, ranging from equinovarus deformities of the feet to arthrogryposis multiplex 
congenita, hypotonia, and generalized weakness [ 29 ]. The characteristic facies with 
facial diplegia, inverted V-shaped upper lip, temporalis wasting, small chin, and 
high-arched palate may be the fi rst clues to the diagnosis [ 30 ]. Dysphagia is com-
mon; infants may require gavage feeding and/or subsequent gastrostomy placement 
due to persistence of oral motor dysfunction during childhood [ 31 ,  32 ]. Respiratory 
insuffi ciency also affects a signifi cant proportion of neonates; infants with congeni-
tal myotonic dystrophy may require supplementary oxygen, positive airway pres-
sure by nasal prongs or masks, or in some cases tracheostomy and long-term 
mechanical ventilation. Neonates requiring ventilatory support for more than 
30 days, in particular, had increased mortality during the fi rst year, according to a 
retrospective review [ 33 ]. Survivors may have chronic complications related to poor 
GI motility, myotonia, cardiac arrhythmias, impaired visual function, and cataracts 
[ 34 ]. Learning disabilities and mental retardation are also common complications in 
congenital DM1 [ 35 ,  36 ]; neuroimaging studies may show ventriculomegaly and 
abnormal cerebral white matter changes [ 37 ,  38 ]. Furthermore, affected children 
and adolescents are at increased risk for neuropsychiatric co-morbidities such as 
autistic spectrum conditions or attention defi cit disorder [ 39 ,  40 ]. Even though their 
muscle tone and strength may improve beyond the neonatal period, children with 
congenital myotonic dystrophy generally remain developmentally delayed. 
On going issues including cognitive impairment, behavioral challenges, and learn-
ing disability will require multidisciplinary support.  

    Childhood Onset Myotonic Dystrophy 

 Childhood onset type 1 myotonic dystrophy can be transmitted from either parent. 
These children have similar symptoms to those with the congenital form of the dis-
ease, but these are generally less severe and present at a later age. Cognitive defi cits 
and learning abnormalities may occasionally be the presenting complaints [ 41 ].  
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    Adult Onset Myotonic Dystrophy 

 Patients with adult onset type 1 myotonic dystrophy are generally recognized by their 
clinical appearance with ptosis, facial weakness, temporalis muscle wasting, myoto-
nia, as well as a combination of proximal and distal muscle weakness. Diffi culty with 
muscle relaxation can result in problems with chewing, swallowing, and talking due 
to involvement of the bulbar, tongue, or facial muscles, in addition to the positive 
grip and percussion myotonia. Posterior subcapsular cataracts, obstructive sleep 
apnea, irritable bowel syndrome, and cardiac conduction defects are common; the 
latter is a signifi cant contributor to morbidity and mortality in myotonic dystrophy 
[ 42 ,  43 ]. Endocrine dysfunction may develop, leading to testicular atrophy, type 2 
diabetes mellitus, and hypothyroidism. Intellectual impairment, if present, is gener-
ally milder than with the childhood onset subtypes. Personality profi les including 
obsessive-compulsive, avoidant, and passive- aggressive traits have also been 
described [ 44 ,  45 ].  

    Late-Onset Myotonic Dystrophy Type 1 

 Individuals with mild expansion of CTG repeats may remain largely asymptomatic, 
apart from early onset cataracts. Myotonia may also be detected on clinical assess-
ment [ 19 ].   

    Type 2 Myotonic Dystrophy (DM2) 

 In myotonic dystrophy type 2, two clinical phenotypes have been described: 
PROMM and PDM [ 9 ,  10 ,  46 ]. Both conditions typically affect adults and are 
linked to myotonia, early-onset cataracts, and proximal muscle weakness. In addi-
tion to the aforementioned genetic differences, there are a number of unique fea-
tures in myotonic dystrophy type 2. In contrast to myotonic dystrophy type 1, type 
2 myotonic dystrophy has not been associated with a congenital form of disease, 
and cognitive or behavioral problems are rare [ 47 ,  48 ]. If present, cognitive impair-
ment in type 2 myotonic dystrophy is generally mild [ 47 ,  49 ]. Furthermore, muscle 
pain can be a severe and disabling problem for individuals with type 2 myotonic 
dystrophy, but not usually for those with type 1 disease [ 19 ]. In particular, muscle 
stiffness and pain are more common in PROMM [ 10 ,  50 ,  51 ]. Both PROMM and 
PDM can be associated with cardiac conduction defects; sudden death and severe 
cardiac arrhythmias have been described in small numbers of patients    [ 51 ,  52 ]. 
Endocrine dysfunction may also occur and can worsen over time [ 53 ,  54 ].   
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    Diagnostic Workup 

 The history and neurology examination is an important fi rst step in the diagnostic 
approach. A detailed family history including examination of the parents (particu-
larly of the mother in infants with congenital myotonic dystrophy) is essential. The 
serum creatine kinase is usually mildly elevated. Electromyography studies may 
reveal electrical myotonia and a myopathic pattern, but such fi ndings may be absent 
or non-specifi c in early childhood. The single most important confi rmatory diagnos-
tic test is the molecular genetic marker for myotonic dystrophy. Muscle biopsy is 
now rarely indicated unless genetic testing is equivocal or not available. 
Roentgenograms of the chest and abdomen can help determine the status of dia-
phragmatic and gastrointestinal functions. A swallow study may also be indicated 
for infants with feeding diffi culties; similarly, close respiratory monitoring includ-
ing pulmonary function test, overnight pulse oximetry, and formal sleep studies are 
required to detect early respiratory insuffi ciency [ 55 ]. An echocardiography should 
also be performed periodically for all individuals with myotonic dystrophy, even if 
clinically asymptomatic [ 56 ]. Serial electrocardiograms (ECG) are also required on 
a regular basis to monitor for cardiac arrhythmia. The eyes should be examined with 
a slit- lamp for early onset cataracts; standard direct ophthalmoscopy may not be 
adequate. Endocrine monitoring including serum cortisol, thyroid function, insulin, 
and blood glucose should be performed periodically. Prenatal diagnosis is available 
from chorionic villus samples and cultured amniocytes, from which DNA analysis 
can be performed during the fi rst half of gestation at 8–20 weeks. Fetal cord blood 
may be obtained in older fetuses and genetic studies performed on leukocytes. 
Additional guidelines for molecular approaches to the myotonic dystrophies are 
available [ 57 – 59 ].  

    Management 

 In general, the management of the myotonic dystrophies remains largely supportive. 
Bracing may help with distal muscle weakness such as foot drop, and devices such 
as scooters or wheelchairs can help conserve energy and/or improve mobility. In 
specifi c circumstances, anti-myotonic agents may be helpful, especially if muscle 
stiffness is frequent and persistent or if pain is prominent [ 60 ].  

    Congenital Muscular Dystrophy 

 CMD refers a heterogeneous group of early onset MDs, with an estimated preva-
lence ranging from 0.68 to 2.5 per 100,000    [ 61 – 64 ]. Affected children are usually 
symptomatic at birth or before their fi rst six months of life. The salient features 
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include hypotonia, muscle weakness, reduced deep tendon refl exes, with or with-
out joint contractures. Feeding and respiratory insuffi ciency are common due to 
associated bulbar and respiratory muscle involvement. Additional features may 
include microcephaly, eye anomalies, cerebral malformation, joint laxity, muscle 
atrophy or hypertrophy, adducted thumbs, and skin changes. Based on the under-
lying pathophysiology, the congenital muscular dystrophies can be further subdi-
vided into disorders involving (a) the basal lamina or extracellular matrix proteins; 
(b) α dystroglycanopathy; (c) sarcoplasmic reticulum calcium release channel; 
(d) endoplasmic reticulum proteins; (e) nuclear envelope proteins, (f) mitochon-
drial membrane proteins; and (g) other unspecifi ed dystrophies [ 65 ]. 

 The differential diagnosis of CMD includes congenital myopathies, congenital 
myasthenic syndromes, early onset spinal muscular atrophy, congenital neuropa-
thies, as well as other metabolic and genetic conditions. The approaches to the dif-
ferential diagnosis include electromyography and nerve conduction studies to 
exclude neurogenic involvement or neuromuscular junction transmission disorders, 
selective biochemical or genetic testing, as well neuroimaging studies and muscle 
biopsy. As seen with other dystrophies, the muscle biopsy in CMD usually demon-
strates dystrophic changes with degeneration, necrosis, and regeneration, plus vari-
able degrees of fi brosis and fatty replacement. Serum creatine kinase can range 
from normal to signifi cantly elevated. Electromyography may reveal an associated 
peripheral neuropathy, in addition to myopathic changes in certain subtypes of 
CMD. Furthermore, brain MRI may reveal central nervous system malformations as 
well as white matter changes.  

    Diagnostic Aspects of Specifi c Subtypes 

    Laminin Alpha 2-Related or Merosin-Defi cient CMD 

 Mutations in the LAMA2 gene located on Ch 6q22-23 result in merosin-defi cient 
CMD. The gene encodes the alpha 2 heavy chain of the laminin 211 isoform, which 
is also known as merosin [ 66 ,  67 ]. Patients with complete merosin defi ciency pres-
ent at birth with severe hypotonia, proximal more than distal muscle weakness, and 
multiple joint contractures. Respiratory insuffi ciency and feeding diffi culties are 
common. Affected children with complete defi ciency seldom achieve independent 
ambulation. Brain MRI may show hyperintense T2-weighted and fl uid attenuated 
inversion recovery (FLAIR) changes affecting the subcortical white matter; simi-
larly, nerve conduction study may reveal a demyelinating polyneuropathy as mero-
sin is also expressed in central and peripheral myelin. Cognition is generally normal. 
A small minority of children may have additional brain anomalies including occipi-
tal cortical dysplasia, subcortical band heterotopia, and cerebellar hypoplasia [ 68 ]; 
approximately 30% of children with merosin-defi cient CMD may have associated 
seizure disorders.  
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    Alpha-Dystroglycan-Related Dystrophies 

 Alpha-dystroglycan is an integral sarcolemmal membrane protein. Defects in 
 glycosylation of alpha-dystroglycan result in a number of disorders including 
CMD. The spectrum of involvement may include prenatal onset weakness preclud-
ing ambulation to a variable degree of LGMDs. There are currently 13 genes directly 
or putatively involved in the glycosylation pathway, including POMT1, POMT2, 
POMGnT1, FKRP, Fukutin, LARGE, ISPD, GTDC2, B3GALNT2, B3GNT1, 
TMEM5, GMPPB, SGK196 [ 69 ,  70 ]. Mutation in dystroglycan (DAG1) that spe-
cifi cally interferes with its glycosylation can also lead to alpha-dystroglycan-related 
dystrophies [ 71 ]. Additional mutations in the dolichyl-phosphate mannosyltransfer-
ase subunit genes of DPM1, DPM2, and DPM3 can cause an overlapping of syn-
dromes of MD with under-glycosylated alpha-dystroglycan [ 72 – 74 ]. A range of 
central nervous system involvement including type II lissencephaly, polymicrogy-
ria, pachygyria, brainstem, or cerebellar dysplasia may be present on brain MRI 
studies. Variable degrees of cognitive impairment including severe mental retarda-
tion and learning disability have also been observed. In addition, mutations involv-
ing the FKRP and FKTN genes are more likely to be associated with dilated 
cardiomyopathy.  

    Collagen VI-Related Dystrophies 

 Collagen VI defi ciency results in a spectrum of disorders ranging from severe CMD 
to a milder form of Bethlem myopathy [ 75 ,  76 ]. It is related to mutation of one of 
three collagen VI alpha genes, located on Ch 2q (A3) or 21q22 (A1 & A2). The 
disease can be inherited in an autosomal recessive or dominant fashion. Clinical 
features of collagen VI-related dystrophies or Ullrich CMD include hypotonia, 
proximal more than distal weakness, marked distal joint hyperlaxity, skin changes, 
and progressive contractures from birth. Respiratory and feeding problems are com-
mon, leading to failure to thrive and nocturnal hypoventilation [ 77 ,  78 ]. Cognition 
is normal and may be advanced for age. CK can be normal or minimally elevated. 
Affected individuals may lose independent ambulation during childhood [ 79 ]. 
Characteristic skin fi ndings are diagnostically helpful and include a tendency for 
keloid or atrophic scar formation, striae, and hyperkeratosis pilaris [ 80 ]. Serum cre-
atine kinase is normal or mildly elevated.  

    SEPN1-Related Myopathy 

 SEPN1-related myopathies are autosomal recessive disorders caused by mutations 
of the SEPN1 gene on 1p3. This encodes selenoprotein N (SelN), an endoplasmic 
reticulum protein that plays an essential role in protecting human cells against 
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oxidative stress [ 81 ,  82 ]. Mutations of SEPN1 can result in either a congenital 
myopathy or a more severe CMD phenotype. The key features include early onset 
weakness, particular involving the axial muscle groups, including neck fl exor and 
sometimes extensor weakness, leading to a “dropped head” phenotype [ 83 ,  84 ]. In 
contrast, strength in the extremities is generally preserved until later in life. Other 
clinical features include distal hyperlaxity, facial weakness, and relative atrophy of 
the inner thigh muscles; nocturnal hypoventilation may be evident after the fi rst 
decade of life due to restrictive pulmonary function [ 85 ]. Progression is slow, with 
reduced independent mobility after the fourth decade of life. Serum creatine kinase 
is normal or mildly elevated.  

    RYR1-Related Myopathy 

 Autosomal recessive mutations in the RYR1 gene can result in a distinct CMD-like 
presentation (RYR1-CMD), in addition to the congenital myopathy phenotype. The 
gene encodes for the sarcoplasmic reticulum calcium release channel. It is allelic to 
other recessive RYR1-related myopathies that include centronuclear, central core, 
multi-minicore, congenital fi ber type disproportion, as well as other non-specifi c 
histological presentations [ 86 ,  87 ]. Affected children with RYR1-CMD may present 
with a histological and clinical picture suggestive of CMD. Unlike RYR1-related 
congenital myopathy, RYR1-CMD may lack the features of core formation on mus-
cle biopsy [ 65 ].  

    Lamin A/C-Related CMD 

 Mutations in the lamin A/C (LMNA) gene result in a spectrum of genetic disorders 
in humans, including CMD and LGMDs [ 88 ,  89 ]. Lamin A/C is part of the nuclear 
membrane proteins. In LMNA-CMD, weakness becomes evident in infancy; severe 
axial and neck muscle involvement may result in a dropped head syndrome [ 90 ,  91 ] 
due to prominent neck extensor weakness. In addition, there is often pronounced 
lumbar hyperlordosis at a very early age, with arm and hand weakness as well as 
peroneal predominant weakness, as seen with an early axial–scapulo–peroneal pat-
tern of involvement. Progressive weakness may lead to motor developmental regres-
sion early in life, with loss of independent ambulation as well as other gross motor 
milestones before age 3. Feeding, cardiac, and respiratory complications are com-
mon, leading to nocturnal hypoventilation before the end of the fi rst decade of life 
[ 92 ]. Cognition is normal. Serum creatine kinase levels can be mildly to moderately 
elevated. The cardiac manifestation in lamin A/C-related CMD may take the form 
of an initially atrial arrhythmogenic cardiomyopathy with conduction block; subse-
quent development of ventricular tachyarrhythmias requires the use of an automatic 
implantable cardioverter defi brillator (AICD).  
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    Mutations in Metabolic (Mitochondrial Membrane Protein) 
Pathway Genes 

 Several genetic causes for CMD like presentations have been described recently 
and involve mutations in genes involved in the metabolic pathways, including cho-
line kinase B in 22q13. The gene is involved in phosphatidylcholine biosynthesis; 
mutations result in a congenital onset MD. Muscle biopsy reveals abnormally large 
mitochondria on oxidative stains and ultrastructure, in addition to dystrophic 
changes [ 93 ]. The constellation of clinical signs together with the biopsy fi ndings of 
mitochondria depleted in center of muscle fi bers, accumulated and enlarged at the 
periphery, is diagnostic of CHKB-related CMD. Dilated cardiomyopathy may 
develop over time. Affected patients in addition show cognitive impairment but 
normal brain MRI fi ndings. Skin changes may include acanthosis nigricans and 
ichthyosis [ 65 ].  

    Other Congenital Muscular Dystrophies 

 Integrin α7 ( ITGA7 ) is a transmembrane laminin receptor, located on chromosome 
12q13. Defi ciency of integrin α7 is a rare cause of CMD. Similarly, integrin α9 
defi ciency ( ITGA9 ) related to mutations on 3p23-21 has also been described from 
French Canadian families. The clinical feature is similar to Ullrich CMD but is 
generally less severe [ 65 ]. 

 Management of congenital muscular dystrophies includes genetic counseling for 
family and relatives, physical therapy, range of motion stretching exercises, and 
supportive strategies for mobility, respiratory, and feeding issues. Use of mechani-
cal assistive devices as well as surgery for scoliosis and gastrostomy tube placement 
may be required. Regular cardiac respiratory monitoring is essential. The overall 
life expectancy in CMD is presently unknown. Premature death may result from 
respiratory and cardiac complications. In one series of merosin-defi cient CMD, the 
mortality rate was approximately 20% (4 out of 22 patients) during childhood, with 
death occurring between fi ve and ten years of age [ 94 ].   

    Limb-Girdle Muscular Dystrophy 

 LGMD refers to a heterogeneous group of autosomal muscular dystrophies with 
progressive weakness affecting predominantly the hip and shoulder girdles. The 
facial and distal muscles are generally spared early on in the disease. Historically, 
the MDs are classifi ed as either type 1 (dominant) or type 2 (recessive) depending 
on the mode of inheritance. As well, the disorders are labeled consecutively by the 
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alphabet according to when the individual genes were identifi ed. The main classes 
of proteins involved in these conditions are extracellular matrix and external mem-
brane proteins, enzymes or proteins with putative enzymatic function, sarcolemma-
associated proteins, nuclear membrane proteins, sarcomeric proteins, and others 
[ 1 ]. The diagnostic approach for LGMD is often challenging because of signifi cant 
disease heterogeneity. 

 In addition to the distribution of weakness, ethnicity, and family history, clues to 
the diagnosis of LGMD include age of onset of symptoms, rate of disease progres-
sion, presence of associated signs such as contracture, rigidity, rippling muscle, 
muscle hypertrophy or atrophy, as well as systemic involvement including cardiac, 
pulmonary, and skin complications [ 1 ]. By defi nition, the term “limb-girdle muscu-
lar dystrophy” usually excludes other defi ned types of MDs such as Duchenne and 
Becker MD, myotonic dystrophies, and FSHD [ 4 ]. An understanding regarding the 
epidemiology of various MDs is also helpful. Among LGMD, the recessive forms 
are generally more prevalent than the dominant variants in certain regions, includ-
ing LGMD 2A in southern Europe, and LGMD 2I, followed by LGMD 2B in north-
ern Europe. Substantial overlaps exist, as mutations in different proteins that share 
similar cellular functions can result in nearly identical clinical phenotypes. 
Conversely, allelic disorders can give rise to divergent diseases, as may be seen in 
lamin A/C (LMNA) gene mutations resulting in EDMD, LGMD 1B, as well as 
axonal Charcot-Marie-Tooth disease and several other phenotypes with no muscle 
involvement [ 1 ]. 

 Accordingly to Nigro and Savarese [ 95 ], there are currently eight subtypes of 
autosomal-dominant (type 1) LGMD. The genes and respective locus involved 
include myotilin, on 5q31.2 (1A); lamin A/C, on 1q22 (1B); caveolin 3, on 3q25.3; 
DNAJ/Hsp40 homolog subfamily B member 6, on 7q36 (1D); desmin, on 2q35 (1E); 
transportin 3, on 7q32 (1F); heterogeneous nuclear ribonucleoprotein D-like protein, 
on 4q21 (1G); and an un-named gene, on 3p23-p25 (1H). Similarly, there are 23 
subtypes of autosomal recessive (type 2) LGMD. The genes and respective locus 
include calpain 3, on 15q15 (2A); dysferlin, on 2q13.2 (2B); γ-sarcoglycan, on 13q12 
(2C); α-sarcoglycan, on 17q21.33 (2D); β-sarcoglycan, on 4q12 (2E); δ-sarcoglycan, 
on 5q33 (2F); telethonin, on 17q12 (2G); tripartite motif containing 32, on 9q33.1 
(2H); fukutin-related protein, on 19q13.3 (2I); titin, on 2q24.3 (2J); protein- O -man-
nosyl transferase 1, on 9q34.1 (2K); anoctamin 5, on 11p13-p12 (2L); fukutin, on 
9q31 (2M); protein- O -mannosyl transferase 2, on 14q24 (2N); protein-O-linked 
mannose beta 1,2- N -acetylglucosaminyl transferase, on 1p34.1 (2O); dystroglycan, 
on 3p21 (2P); plectin, on 8q24 (2Q); desmin, on 2q35 (2R); transport protein particle 
complex 11, on 4q35 (2S); GDP-mannose pyrophosphorylase B, on 3p21 (2T); iso-
prenoid synthase domain containing, on 7p21 (2U); alpha- 1, 4-glucosidase, on 
17q25.3 (2V); and lim and senescent cell antigen-like domains 2, on 2q14 (2W) [ 95 ]. 

 The differential diagnosis of LGMD is broad; it includes other MDs such as 
congenital muscular dystrophies, myotonic dystrophy, FSHD, and EDMD, as well 
as congenital myopathies, myofi brillar myopathies, distal myopathies, metabolic 
myopathy (such as Pompe or lipid storage disease), channelopathies, infl amma-
tory myopathies, neurogenic disorders, and neuromuscular junction transmission 
disorders. 
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    Example 1:  LGMD 2D , α-Sarcoglycanopathy 
with a Duchenne- Like Phenotype 

 A seven-year-old girl presented with a three-year history of progressive diffi culty 
walking and high serum CK. Her exam was noted for proximal muscle weakness, 
mild calf hypertrophy, scapular winging, and Achilles tendon contractures. She had a 
positive Gowers sign, and she walked with a waddling gait with increased lumbar 
lordosis. Her muscle biopsy showed dystrophic changes with pronounced reduction 
of α-sarcoglycan and mildly reduced dystrophin on immunostaining. Subsequent 
genetic analysis confi rmed that the primary abnormality is due to mutation of 
α-sarcoglycan.  

    Example 2:  LGMD 2I , FKRP Dystroglycanopathies 

 A 12-year-old boy presented with a 5-year history of diffi culty with running and 
high serum CK. His older sister was previously diagnosed with a type of LGMD 
based on muscle biopsy showing dystrophic features. His exam was noted for proxi-
mal hip and shoulder girdle weakness, with calf hypertrophy, and mild bilateral heel 
cord contractures. Molecular genetic testing for dystrophinopathy was negative. 
Mutations in the fukutin-related protein gene FKRP (19q13.3) were found by 
molecular genetic testing, thus confi rming the diagnosis of limb-girdle muscular 
dystrophy type 2I (LGMD2I).  

    Example 3:  LGMD 2A , Calpainopathy 

 A 24-year-old woman presented with insidious onset of muscle weakness and dif-
fi culty climbing stairs. Her serum CK was moderately elevated. Her exam revealed 
proximal more than distal muscle weakness; the weakest muscles involved the hip 
adductors and extensors, with mild contractures in her heel cords and hamstring. 
Molecular genetic testing confi rmed a mutation of calpain 3, which belongs to a 
family of calcium-activated neutral proteases. Calpain 3 interacts with several pro-
teins including dysferlin and titin that are crucial for muscle function. It is one of the 
most common forms of autosomal recessive LGMD, with a reported frequency 
ranging from 9 to 40% in published series [ 1 ].  

    Example 4:  LGMD 1B , Laminopathy 

 An 18-year-old man presented with a long-standing history of gross motor develop-
mental delay and elevated CK. His father had similar history of muscle weakness 
and died prematurely due to cardiac arrest. His exam limb girdle distribution of 
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muscle weakness, with mild contractures and reduced subcutaneous fat in his 
extremities. Cardiac work revealed prolonged QTc interval with atrial tachyarrhyth-
mia. He was subsequently confi rmed to have LGMD 1B due to a mutation in the 
LMNA gene.  

    Example 5:  LGMD 2B , Dysferlinopathy 

 A 16-year-old athletic teenager presented with a 2-year history of exercise- induced 
myalgia. He was found to have moderately elevated serum CK. His examination was 
normal apart from mild proximal muscle weakness. Muscle biopsy revealed a mildly 
dystrophic pattern with reduced immunostaining for dysferlin. Subsequent genetic 
testing confi rmed a diagnosis of LGMD2B. LGMD2B is a relatively mild disease 
with a predominantly proximal slowly progressive involvement of the pelvic and 
shoulder girdles presenting in the late second or third decade of life. It is linked to 
Ch2p12-14 [ 96 ]. Individuals are often normal or even athletic in their early years. 
Mutation in the dysferin gene is associated with several phenotypes, including 
LGMD 2B, Miyoshi myopathy, and distal anterior compartment myopathy. Miyoshi 
myopathy presents with early involvement of the posterior compartment of the lower 
extremities, with inability to stand on the toes [ 97 ]. Another allelic disorder results 
in a distal anterior compartment myopathy, with inability to stand on heels due to 
rapidly progressive weakness of the anterior tibial muscles [ 98 ].   

    Diagnosis and Management of LGMD 

 Similar to other MDs, the approach to LGMD requires a detailed history, a thorough 
physical examination, and serum creatine kinase level. Other genetic and acquired 
causes of proximal muscular weakness should be excluded. The diagnosis may be 
confi rmed by molecular genetic testing, muscle biopsy, or a combination of both. 
Muscle biopsy will typically reveal the characteristic dystrophic features; further 
immunostaining may demonstrate the presence or absence of specifi c muscle pro-
teins such as dystrophin, dysferlin, sarcoglycans, emerin, collagen VI, merosin, and 
glycosylated alpha-dystroglycan. Women should also be offered appropriate testing 
to exclude manifesting carrier of dystrophinopathy as a potential cause for their MD. 
The future of molecular testing may shift away from targeted genetic analysis toward 
whole genome or exome sequencing that will allow rapid and cost-effi cient means of 
confi rming the diagnosis. General treatment principles include offering genetic 
counseling for affected individuals and families, connecting them with patient orga-
nization and disease registries, providing rehabilitation through multidisciplinary 
clinics to maximize function, supporting education, career, social, and fi nancial 
needs, screening and treating the associated complications, and evaluating new treat-
ment options for specifi c diseases when available.     
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    Chapter 6   
 Transition from Childhood to Adult in Patients 
with Muscular Dystrophy 

             Elba     Yesi     Gerena Maldonado       and     Kathryn     R.     Wagner    

            Introduction 

    “We were the generation that was hoped for—and now we’re here,” announced 
L. Vance Taylor, a successful 36-year-old man with muscular dystrophy (Muscular 
Dystrophy Association (MDA) National Neuromuscular Transitions Summit, 
Washington D.C., September 23, 2011). In this one phrase, Mr. Taylor voices the 
current achievement and challenge that our healthcare system faces: an increasing 
adult population of patients with muscular dystrophy (MD) and a society that lacks 
the structure to support them. 

 In the past 30 years, we have seen an increase in the lifespan of patients with 
MDs especially those who have early onset of their disease [ 1 ]. The scientifi c and 
medical community has made great strides in the early care of patients with MDs 
and has published practice guidelines to promote better care for these patients [ 2 ,  3 ]. 
However, it has not been until recently that the community has started to address the 
quandary that is the transition phase from childhood to independent adulthood with 
complex medical conditions [ 4 – 7 ]. A survey done in the UK, where patients older 
than 15 years and their family members were interviewed from 2007 to 2009, 
showed that while advances in healthcare have increased life expectancy in patients 
with MDs, this has not been matched by an increase in support at home and in the 
community [ 4 ]. There is no doubt that the structured care coordination for pediatric 
patients with MDs is signifi cantly different from the perceived lack of support these 
same individuals face once they become adults. The reason for this disparity is 
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likely to be multifactorial; nevertheless, we need to start understanding the unique 
features of the transition period to develop effective strategies to maximize the like-
lihood of success in adult life. 

 This challenge is not unique to the fi eld of MD. The National Alliance to Advance 
Adolescent Health estimates that chronic health conditions affect approximately 
25% of the 18 million U.S. young adults ages 18–21, who should be transitioning to 
adult-centered healthcare. Each year, approximately 750,000 young people in the 
U.S. with special healthcare need transition to adult care [ 8 ]. The fi elds of cystic 
fi brosis, perinatally acquired HIV, and pediatric organ transplantation are just three 
examples that have similarly needed to adjust their thinking and prepare their 
patients for an adult life where, previously, there was none. 

 Our goal with this chapter is to highlight the importance of the transition period 
in the life of an individual with MD and to provide helpful resources available for 
guidance and support.  

    Emerging Adulthood 

 Emerging adulthood has been defi ned as “the period when often people explore a 
variety of possible life directions in love, work, and worldviews… where the scope 
of independent exploration of life’s possibilities is greater for most people than it 
will be at any other period of the life course” [ 9 ]. It is usually during this period 
when people start to mold their personalities and defi ne themselves in their com-
munity. Therefore, it is of the upmost importance that our society provides the ade-
quate groundwork on which young adults, especially those with disabilities, can 
establish and design their own life stories. 

 There are various psychological models of development that have been put for-
ward to explain the key stages in an adolescent’s life. Some of these models describe 
this period as fi lled with change in which young adults are assuming new roles in all 
facets of their lives. They can experience confl icting feelings between the excitement 
about the prospect of autonomy and the sense of abandonment due to the previous 
dependent nature of their relationships with their parents and/or caregivers [ 10 ]. 

 The literature suggests that relationships with parents remain the most infl uential 
of all adolescent relationships [ 11 ], and their support has been associated with good 
outcomes [ 12 ]. During this period, the parents need to talk frequently with their 
child about his/her interests so that a transition plan can be built upon these inter-
ests. The parents need to familiarize themselves with various local and state agen-
cies and fi le for appropriate services. Most importantly, the parents need to foster 
and not limit their child’s dreams. 

 Previous research has mainly focused on retrospective post-transition interviews, 
and less is known about younger adolescents and their families as they approach the 
transition period. Given the complexity of the arrangements in which these children 
grow up, addressing all of their needs at the same time is a challenging task. 
Moreover, it can be counterproductive in the end, as it can be overwhelming for 
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these young adults to be made responsible for all of their healthcare needs in a short 
amount of time. Their care should be introduced as a step-by-step process where 
they are included in decision making, information sharing, while at the same time 
their parents remain informed and involved. In a study done in Denmark in 2011, 
16 young adults with cystic fi brosis were interviewed about their transition experi-
ence. One of the highlighted points in this study was that these patients preferred to 
have a gradual transfer of responsibility of their own medical care during their 
young adulthood [ 13 ]. Similarly, experts in Duchenne muscular dystrophy (DMD) 
urge that transition not be thought of as a single event, but as a continuing process 
of increased choices and autonomy [ 5 ].  

    Timetable for Growing Up 

 Parents and physicians may differ in their perceptions of when to begin teaching 
children about self-management of their healthcare. The mean age identifi ed by 
parents is 12 years, while that of pediatricians is 9.5 years [ 11 ]. So, the question 
remains, when should we start the transition period for children with physical dis-
abilities, in particular those with MDs? 

 Due to each child’s unique circumstances, it would not be prudent to stipulate a 
defi nitive age when parents should start the conversation of transition with their 
child. Nevertheless, preparation must begin early enough to ensure adolescents 
develop the knowledge and skills to take ownership of their chronic illness and dis-
ease management in an effective manner. 

 Some of the most common methods that are being used to start the transition 
stage have been the implementation of “timetables for growing up”. These transi-
tion plans have some variability in their designs; nonetheless, most agree that cer-
tain “transition topics” should start to be discussed around the ages of 12–13 years. 
For example, the timetable provided by the Holland Bloorview Kids Rehabilitation 
Hospital or the MDA’s “Road Map to Independence,” which encourages conversa-
tions about topics of human development and social interactions when the child is 
at the pre-to-early adolescent stage. Once they reach the mid-to-late teens, the time-
tables focus on developing independent living skills (e.g. contributing to discus-
sions and decisions regarding their medical treatments, being assigned chores 
around the house, driving vs. public transportation as means of mobility, etc.). 
Topics like future career goals should also be addressed in a timely manner, as it has 
been found in the literature that children with disabilities worldwide tend to be 
excluded from certain schooling subjects (due to lower rates of school attendance 
given their multiple medical appointments and lower transition rates to higher levels 
of education) when compared to kids without physical and/or cognitive impair-
ments [ 14 ]. Exclusion from education has an immediate impact on a child in terms 
of exclusion from social participation, reduced personal well-being and welfare, 
and likely dependence on caregivers.  
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    Commencement of Transition Years 

 The parents’ approaches to promoting health and well-being for their adolescents 
with physical disabilities tend to be diverse. Some see themselves as the primary 
source of information; others rely solely on school, while a few others view friends 
and the media as a resource. Some parents have expressed concerns and anxiety 
about the fact that they believe that their adolescent with a physical disability is going 
to encounter greater diffi culties in relationships and sexual expression [ 15 ]. All of 
these factors will infl uence the outcomes of the transition period in patients with 
physical and/or cognitive disabilities. Given the dual role of the parents as both pro-
genitors and caregivers for these children, the literature has described the tendency of 
these parents to be overprotective [ 16 ]. However, another explanation for their “over-
protection” during the transition period is that their behavior is a deliberate strategy 
to provide their adolescent with more time and energy for school and friends. 

 Nevertheless, the goal of the transition years is to promote the development of skills 
for independence in multiple facets of the teenager’s life. One of the major concerns 
that parents of children with disabilities have is the development of a healthy social life 
and integration into their community [ 4 ]. Parents have dual worries of how their chil-
dren will cope with the changes that all human beings go through while growing up and 
at the same time adding to the process the complexity of their physical disabilities. It is 
for this reason that both health providers and caregivers should address socialization of 
adolescents and young adults prior to them reaching adulthood. 

 It is important for patients with MDs to feel that they are an integral part of soci-
ety. At the same time, they benefi t from certain events or activities where their 
physical disabilities are normalized. Several organizations provide free camp expe-
riences for those with MD. The MDA organizes a one-week summer camp for chil-
dren and young adults (ages 6–17) where they can meet other youth with a variety 
of neuromuscular disorders and share their life experiences (  http://mda.org/sum-
mer-camp    ). The Jett Foundation offers a week-long “Camp Promise” for those with 
MD (  https://www.camppromise.org/    ). If the young adult is interested in the fi ne arts 
(music, theatre, visual arts), there are programs like the International Organization 
on Arts and Disability providing career building opportunities in the arts both 
nationally and internationally (  http://www.kennedy-center.org/education/vsa/    ). 

    Self-Advocacy 

 Being a strong self-advocate is necessary for the youth with MD. No one will under-
stand his/her particular manifestations of disease and resulting needs as well. Being 
able to effectively communicate these needs, propose solutions for how they should 
be met, and engage others in these solutions are key factors in success. 

 As emerging adults, a balance should be struck between establishing indepen-
dence and receiving support from parents/ caregivers. These young adults need to 
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have a good understanding of their condition, be it a fast or slowly progressive MD. 
Health literacy is a priority. 

 There are multiple opportunities for the youth to become an advocate for the MD 
community. Local groups sponsored by the MDA provided supportive environments 
for discussion and activities. If the adolescent is interested in groups that are focused 
on their own specifi c diagnosis, there are various groups which provide information 
and support: PPMD for Duchenne and Becker muscular dystrophy, FSHD Society 
and the Friends of FSH for FSHD, and the Myotonic Dystrophy Foundation, for 
myotonic dystrophy, to name a few (websites provided below).  

    Social 

 In this era of globalization that has risen from the advances in the telecommunica-
tions infrastructure, it is easy to acquire large amounts of information, some of 
which might not be necessarily correct or appropriate for certain age groups. It is for 
this reason that certain topics should not be taboo at home or school and should be 
addressed by a trustworthy adult. Children are exposed to subjects like smoking, 
drug use, and alcohol on a daily basis. Topics related to sexuality, contraception, 
and preconception counseling and surveillance should also be addressed. The exist-
ing literature is scarce in research concerning sexual health and MDs [ 17 ]. Openness 
and knowledge are integral for a successful rapport with the adolescent with MDs 
seeking counsel in these matters. Common barriers that affect the success of these 
talks are the sensitivity of the subject matter, the parents’ insecurity in how they can 
be supportive, or the parents’ abdication of the discussion of sexual health to some-
one else. 

 The adolescents themselves might be reluctant to initiate communication about 
sexual health problems, especially if they believe that the adult is unavailable to 
offer support or if they believe that they shouldn’t be sexually active due to their 
disability. It is for this reason that they should have a support group identifi ed which 
can reliably provide additional accurate information and advice. 

 Young adults are faced with a world that increasingly is more available through 
different communication devices. Although these devices, such as computers and 
mobile devices, can be used as assistive devices for communication, they might also 
promote isolation. The social integration in the community cannot be overempha-
sized, given the fact that the natural history of growing up is that certain childhood 
friendships grow apart as kids become teenagers and eventually adults.  

    Education 

 The Individuals with Disabilities Education Act (IDEA) provides federal fi nancial 
assistance to state and local educational agencies to ensure that students with dis-
abilities receive an education “designed to meet their unique needs and prepare 
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them for employment and independent living” (  http://idea.ed.gov/explore/home    ). 
IDEA was reauthorized in 2004 with very specifi c language about transition plan-
ning. One of the primary methods by which IDEA is enacted is through Individual 
Education Programs (IEPS). It is imperative that children with MDs be gradually 
integrated in the parent–teacher meetings about their education. They should be 
aware of what their IEP entails, and how it is being tailored to not only their physi-
cal needs but also their academic interests. They should talk openly about the 
careers that they want to pursue and explore opportunities with volunteer work or 
part-time jobs. 

 By the time students are starting high-school, they should be contacting the 
Disability Support Services Offi ce of various post-secondary schools. Students 
need to self-identify and self-advocate whether they choose a vocational school, 
community college, or university. There is a wide range of accommodations made 
for post-secondary students with disabilities from schools such as Edinboro 
University in Pennsylvania (  www.edinboro.edu    ), which has dozens of students 
making use of attendant care, meal aides, homework aides, and on-campus wheel-
chair repair services to the majority of colleges which are barely wheelchair acces-
sible [ 18 ]. Several universities and colleges provide opportunities for students with 
disabilities to have exposure to future employers. Programs like the DO-IT (  http://
www.washington.edu/doit    ), based at the University Of Washington College Of 
Engineering, help in bringing together students and employers in a setting that can 
provide career advancement for these patients. The process for university students 
to acquire or receive services tends to be determined by how proactive students are 
to advocate for themselves and provide clear documentation of the disability. A self- 
advocating student in a college with a strong Disability Support Services Offi ce is a 
combination that yields a safe and rewarding new home transitioning from the par-
ents’ home to complete independence.  

    Self-Care 

 Mastering normal developmental tasks, such as household chores or an after-school 
job, can help boost the self-confi dence and independence of an adolescent with MD. 
As the child begins to manifest more autonomy, a clinical checklist updated on each 
visit prompts review and discussion of the patient’s progress toward self-manage-
ment and eventual transition. 

 By the time the child is in the pre-teen to early teenage years, conversations 
about future living situations should be brought to the table. They should be slowly 
progressed to learn independent living skills. They should also practice budgeting 
and banking skills. Some clinics provide counseling with social workers or case 
managers that are able to guide the family in regard to community resources for 
their children. 
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 Many states offer transition programs and services to help prepare individuals 
with a developmental disability to gain employment and independent living. These 
services may include employment counseling, employment training, assistive tech-
nology, and independent living skills training. There is wide variability in the num-
ber, types, and funding of these services across the nation.   

    Transition to Adult Healthcare 

 A well-organized and well-timed transition from child-oriented to adult-oriented 
healthcare allows young people to optimize their ability to assume adult roles and 
functioning in society. For many young people with special healthcare needs, this 
will mean a transfer from a pediatric to an adult healthcare professional; for many 
others, it will involve an ongoing relationship with the same provider but with a 
reorientation of clinical interactions. With a successful transition, healthcare is 
uninterrupted, function is maximized, and morbidity and mortality are reduced. 
There are several challenges, however, to obtaining uninterrupted healthcare ser-
vices during the transition period. These include the lack of a formalized transfer 
linkage between pediatric and adult medical services, which frequently leaves 
patients and families to personally assemble their own adult medicine team. A con-
sensus statement of the American Academy of Pediatrics, the American Academy 
of Family Practice, and the American College of Physicians recommended a written 
heathcare transition plan by age 14 but in the experience of the authors, such a plan 
is rare from MD providers [ 7 ]. Unfortunately, pediatric patients lose their medical 
safety net at the same time that they are losing a social safety net, that of their sec-
ondary school and the services that it often provides. 

 Pediatric and adult healthcare systems are structured differently. Children are 
frequently cared for at children’s hospitals equipped with multiple disciplines, 
which not only include their physicians, but also include social services, education, 
vocational training, and recreation. The processes of teaching them to take responsi-
bility for their own healthcare needs are vital, as they will need to become their own 
advocates once they transition to adult healthcare. Some of the adult neuromuscular 
medicine clinics also provide services that include assessment, consultation, and 
intervention from various disciplines including physiatrists/neurologists, cardiolo-
gists, pulmonologists, occupational therapists, physiotherapists, social workers, and 
genetic counselors. However, in a survey of patients with adult MD, they were more 
likely to receive services from fewer health professionals and were less satisfi ed 
with their current healthcare compared to when they were children, which was often 
associated with a decline in health outcomes [ 4 ]. 

 Successful transition from pediatric to adult medicine can be achieved by mul-
tiple different strategies. Some healthcare institutions have both adult and pediatric 
clinics where the transition is seamless with the youth being able to meet his new 
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team prior to full transition, records staying in the same facility, and some  specialists 
remaining the same person. Programs such as those in children’s hospitals, which 
include a complete transfer of care at age 18 or 21, are implementing transition care 
programs that involve some continuity with the pediatric physician following transi-
tion to the adult team. There are a few examples of formal transition planning that 
adhered to national policy guidelines [ 7 ]. 

 Improving clinical care for young adults with MD is one of the current objectives 
for the adult healthcare system. Advisory committees composed of those MD 
patients who have already navigated the transition process and suffered the conse-
quences of a healthcare system not equipped for them are being developed to help 
identify barriers to accessing appropriate healthcare services needed for future gen-
erations. Among the areas that have been identifi ed that need to be addressed, one 
of the most urgent ones is the facilitation of follow-up and referrals and enhance-
ment of community linkages for services.  

    Conclusion 

 We have all witnessed that the lack of a carefully orchestrated transition plan results 
in a deterioration in the quality of life of young adults with MDs. However, those 
few who have been able to have a successful transition have attained skills neces-
sary to manage their own personal needs and healthcare. They are effective self-
advocates and are able to pursue their own interests. They have assembled 
knowledgeable and responsive medical teams who work diligently to free them 
from recurrent illnesses, pain, and hospitalizations. They fi nd the balance between 
independence and the need for social/physical support in their lives acceptable. Our 
goal is to make these examples the norm of all young adults with MD who are tran-
sitioning into adulthood. 

 It is imperative that the MD community continues to work on strengthening the 
transition process to ensure success of the upcoming generations. Some clear cur-
rent barriers are inadequate communication between pediatric and adult providers, 
an adult healthcare system unprepared to meet the various needs of these often 
complicated patients, the lack of integration of social services at the local and state 
level, and the scarcity of job opportunities for those with disabilities. There are for-
tunately several groups, such as those listed below, as well as governmental agen-
cies that are highly invested in improving transition for youths. In addition, with 
proper guidance, these young men and women are likely to positively shape the 
environment for themselves and for the next generation. 

 Useful websites for young adults with MDs:

•      http://hollandbloorview.ca/programsandservices/ProgramsServicesAZ/
Growingupready/TimetableforGrowingUp      

•     http://transitions.mda.org/      
•     http://mda.org/summer-camp      
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•     http://www.kennedy-center.org/education/vsa/      
•     http://www.bristol.ac.uk/norahfry/research/completed-projects/ ecominganadult.

pdf      
•     http://www.doe.virginia.gov/special_ed/transition_svcs/outcomes_project/ 

college_guide.pdf      
•     https://www.dshs.wa.gov/jjra/division-vocational-rehabilitation      
•     https://www.dshs.wa.gov/dda      
•     http://wid.org/publications/downloads/Latinos%20with%20Dis.%20-%20

Spanish.pdf            
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    Chapter 7   
 Overview of Current Treatments 
for Muscular Dystrophy 

             Zheng     (Jane)     Fan     

            Introduction 

 As described in earlier chapters, muscular dystrophy (MD) refers to a group of 
hereditary diseases characterized by progressive wasting of skeletal muscles, often 
related to muscle membranes or supporting proteins. Current treatment is focused 
on symptomatic management and rehabilitation, and monitoring for disease compli-
cations. There is no cure for MD; however, better patient care especially with mul-
tidisciplinary approach has reduced mortality and morbidity signifi cantly. 

 This chapter discusses general management strategies for MD and also describes 
treatments for the following subtypes of MDs: dystrophinopathies [Duchenne 
muscular dystrophy (DMD) and Becker muscular dystrophy (BMD)], 
Facioscapulohumeral muscular dystrophy (FSHD), myotonic dystrophy, and limb 
girdle muscular dystrophy (LGMD).  

    Diagnosis and Initial Evaluation 

 Accurate diagnosis is important as a fi rst step for managing MD. This is contingent 
on a targeted history and examination, biochemical, and genetic testing; sometimes 
with additional testing such as muscle biopsy, neurophysiological assessment, and 
muscle imaging. Muscle biopsy used to be the gold standard; however, it is increas-
ingly replaced by genetic testing. The detection rate with genetic testing for DMD 
and BMD is ~95% using deletion/duplication study and refl ex to sequencing 
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analysis if deletion/duplication study is negative [ 1 ]. The genetic basis for FSHD 
has been elucidated in recent decades, and the genetic testing detection rate is ~95% 
for patients with FSHD where a contraction mutation of the D4Z4 macrosatellite 
array in the subtelomeric region of chromosome 4q35 can be identifi ed [ 2 ]. Next 
generation sequencing technology such as whole exome sequencing (WES) has sig-
nifi cantly improved our ability to diagnose subtypes of LGMD, as the traditional 
sequencing method limits testing to one gene at a time. While electromyography 
and nerve conduction studies have been a traditional part of the assessment of a 
patient with MD, these tests are not believed to be indicated or necessary for diag-
nosis unless other means are inconclusive. Muscle imaging is becoming more 
widely accepted as it is noninvasive and various forms of MD often result in unique 
patterns. This approach is also very sensitive, enabling infl ammatory myopathies 
(also called myositis) and metabolic myopathies—which may mimic MD but 
require different management—to be ruled out. For these conditions, specifi c treat-
ments exist and accurate early diagnosis improves outcomes. 

 It is also worth mentioning that some subtypes of MD, such as myotonic dystro-
phy, are often missed in the presentation. Hilbert et al. found that patients with 
myotonic dystrophy type 1 (DM1) experienced an average of seven years delay to 
diagnosis, and members with myotonic dystrophy type 2 (DM2) had an even more 
stunning delay of 14 years before receiving a correct diagnosis [ 3 ]. Thus, the impor-
tance of clinical suspicion from clinicians and families cannot be overestimated.  

    Management of MDs 

    Overall Strategies 

 A multidisciplinary team approach has changed the landscape for the treatment of 
MD and represents the standard of care. Despite the lack of cures, improved sup-
portive care has improved the life span of patients with MDs. One example is that 
patients with Duchenne MD lived on average until their late teens in the 1950s; 
today, they typically live until their late twenties and thirties, which is largely attrib-
utable to better supportive care. This may include noninvasive ventilation during the 
day, and at night, orthopedic care and preventive measures [ 4 ,  5 ]. Clinicians should 
refer patients with MD to a clinic that has access to multiple specialties designed to 
care for patients with neuromuscular disorders [ 6 ].  

    Specifi c Therapy 

 Very few subtypes of MD have specifi c treatments. Examples are corticosteroids for 
DMD and treatment for myotonia in myotonic dystrophy type 1 (DM1). 
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 Corticosteroids are the only medication currently available that slows the decline 
in muscle strength and function in DMD. These drugs are estimated to prolong 
ambulation by an average of approximately two years. However, corticosteroids are 
associated with many side effects, especially with long-term use. The optimal age 
for starting corticosteroids is under investigation in a randomized double-blind trial 
(Clinicaltrials.gov, NCT01603407, PIs Robert Griggs MD and Kate Bushby, MD). 
It should be noted that corticosteroids are not indicated for BMD or LGMD. 

 Myotonia in DM1 is typically mild to moderate and rarely requires treatment [ 7 ]. 
Anecdotally, some individuals have responded to mexilitene or carbamazepine. 
Logigian and colleagues found mexilitene 150–200 mg TID effective and safe for 
treating myotonia [ 8 ]. 

 Supplements such as coenzyme Q10, carnitine, and antioxidants sometimes 
are used by families and clinicians. There is not enough evidence to make 
recommendations.  

    Cardiac Management 

 Cardiac muscles resemble skeletal muscles in some ways, and many, though not all, 
forms of MD have associated cardiac involvement, which is a major cause for mor-
tality and morbidity. The main cardiac involvements are progressive cardiomyopa-
thy and/or cardiac arrhythmia. Patients with MD with cardiac involvements often do 
not have symptoms such as chest pain or pedal edema, but are often identifi ed only 
by cardiac testing. Angiotensin-converting enzyme (ACE) inhibitors are the fi rst 
line for managing cardiomyopathy. Pacemakers can be life-saving in MD with car-
diac arrhythmia, especially in Emery–Dreifuss muscular dystrophy (EDMD) and 
myotonic dystrophy type I. Regular monitoring of cardiac function using echocar-
diogram, EKG, and cardiac Holter monitoring are indicated and early referral to 
cardiologist is highly recommended.  

    Respiratory Management 

 The majority of forms of MD are associated with oropharyngeal and/or ventilator 
muscle weakness, which predispose patients to respiratory failure, which is a major 
cause of mortality and morbidity in MD. The diaphragm is a skeletal muscle, and 
weakness plays a signifi cant role in respiratory failure in MD patients. Patients with 
respiratory failure often do not have symptoms such as dyspnea, which typically 
precede the onset of respiratory failure. Patients with respiratory failure secondary 
to muscle weakness in MD often have improved quality of life and outcomes with 
noninvasive pulmonary ventilation [ 9 ,  10 ]. Early monitoring using a lung function 
test and referral to pulmonologist is important.  
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    Sleep Disorder Management 

 Sleep disorders in MD patients are under-recognized, as these patients often do not 
present with excessive daytime sleepiness, and fatigue is often attributed to the MD 
itself. Diaphragm weakness makes patients with MD at greater risk during certain 
sleep stages such as rapid eye movement (REM) sleep, which relies on the dia-
phragm for ventilation. Sleep-related hypoventilation often precedes daytime 
hypoventilation. 

 Our preliminary data show that patients with DMD have sleep-related hypoven-
tilation without clinical symptoms. Patients with MD are also at risk of obstructive 
sleep apnea (OSA) due to upper airway muscle weakness and obesity that is more 
prevalent in MD due to reduced activity level and corticosteroid usage. Both sleep- 
related hypoventilation and OSA can be effectively treated with PAP therapy and 
treatment improves outcome and quality of life. High clinical suspicion and over-
night sleep study (polysomnography) should be considered in MD patients with 
considerable weakness, especially in those who are non-ambulatory.  

    Rehabilitative Management 

 The goal for rehabilitative management is to maintain mobility and functional inde-
pendence for as long as possible, with a focus on maximizing quality of life. Patients 
should have periodic assessments by physical and occupational therapists who are 
familiar with MD, including symptomatic and preventive screenings. Bracing and 
assistive devices are adapted to the patient’s defi ciencies and contracture, in order to 
preserve mobility and function and prevent contractures. With the advancement of 
electric wheelchairs and assistive devices, non-ambulatory patients with MD are 
often able to preserve a certain degree of independence and quality of life [ 11 ,  12 ]. 

 In general, low-intensity aerobic exercise and strength training are recom-
mended. Swimming is often recommended and especially enjoyed by non- 
ambulatory patients with MD. Swimming uses upper extremity muscles and truncal 
muscles that are not used much by routine aerobic exercise. There are concerns 
about exercise-induced muscle damage and myoglobinuria following supramaxi-
mal high-intensity exercise [ 13 ].  

    Orthopedic Management 

 Spinal deformities, such as scoliosis, kyphosis, and rigid spine, can occur in sub-
types of MD. These deformities can result in pain and functional impairment, such 
as interfering with pulmonary function. Patients with spinal deformity and foot con-
tractures should be referred to orthopedic surgeons for monitoring and surgical 
interventions if deemed necessary [ 4 ]. 
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 Winging of the scapula can be common in subtypes of MD such as FSHD and 
EDMD. The benefi t of scapular fi xation surgery is debatable. There is no evidence 
from randomized trials to support the suggestion from observational studies that 
operative interventions produce signifi cant benefi ts. However, this has to be 
 balanced against postoperative immobilization, the need for physiotherapy, and 
potential complications [ 14 ].  

    Nutrition 

 Patients with MD may have diffi culty receiving adequate oral food intake due to 
dysphagia or inability to feed themselves linked to arm weakness. Maintaining 
 adequate nutrition and body weight is important for optimizing strength, function, 
and quality of life. When oral food intake is inadequate, other means of maintaining 
intake (e.g., gastrostomy or jejunostomy feeding tubes) may be needed to maintain 
optimal nutrition [ 4 ,  6 ].  

    Psychosocial Management 

 In addition to its medical burden, MD may be associated with marked psychosocial 
stress for patients and their families. Assessments are targeted at the areas of emo-
tional adjustment and coping, neurocognitive functioning, possible autism spectrum 
disorder, depression, and social support [ 4 ]. Referral to a psychologist and psychia-
trist should be made if concerns are identifi ed. Children with DMD often highly 
appreciate activities such as “Make a Wish” trips. Families with MD also benefi t 
from useful resources provided by foundations such as the Muscular Dystrophy 
Association (MDA), Parent Project Muscular Dystrophy (PPMD), TREAT NMD, 
and the FSH society. 

 Palliative care is important part of care for subtypes of MD patients in later 
stages of the disease. This not only provides pain control, but also includes emo-
tional and spiritual support, assists families in clarifying treatment goals and mak-
ing diffi cult treatment decisions, and addresses issues related to grief and 
bereavement [ 4 ].  

    Genetic Counseling and Preventive Measures 

 Genetic counseling is the process of providing individuals and families with infor-
mation on the nature, inheritance, and implications of genetic disorders, to help 
them make informed medical and personal decisions. All forms of MD are genetic 
disorders, either inherited from parents or as a de novo event. Risks to family 
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members should be assessed. Options such as prenatal testing should be offered to 
female carriers. All patients with MD should be referred for genetic counseling after 
diagnosis. 

 The risk of malignant hyperthermia in patients with MD is a concern for fami-
lies. Gurnaney and colleagues did not fi nd an increased risk of malignant hyperther-
mia susceptibility in patients with DMD or BMD compared with the general 
population. However, dystrophic patients who are exposed to inhaled anesthetics 
may develop disease-related cardiac complications, or rarely, a malignant 
hyperthermia- like syndrome characterized by rhabdomyolysis. This latter compli-
cation may also occur postoperatively. Succinylcholine administration is associated 
with life-threatening hyperkalemia and should be avoided in patients with DMD 
and BMD [ 13 ]. It is important for patients with MD to discuss malignant 
hyperthermia- like risk with the anesthesiologist in any pre-op assessment.  

    Therapies Under Investigation 

 MD is an area of active research, including multiple clinical trials. Updated infor-
mation can be found by searching the www.clinicaltrials.gov website. Despite many 
trials in progress, such as exon skipping for DMD patients with certain genotypes 
(DMD exon 50 deletion), none has yet successfully completed registration trials. 
Several approaches for patients with LGMD, such as gene therapy, myoblast trans-
plantation, neutralizing antibody to myostatin, and growth hormone, have promise, 
but clinical evaluation is not yet complete [ 6 ].   

    Summary 

 MD comprises a group of heterogeneous genetic conditions with progressive skel-
etal muscle weakness. Despite the fact that there is no cure for MD, a multidisci-
plinary team approach with supportive care, such as noninvasive ventilation, 
improves outcomes including life span and quality of life.     
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    Chapter 8   
 Physical Therapy and Orthotic Devices       

     Laura     E.     Case          

   Introduction 

    Muscular dystrophies (MDs) are a group of genetically based neuromuscular 
 disorders characterized by disease-specifi c patterns of progressive muscle weakness 
accompanied by postural compensations and the risk of progressive contracture, 
deformity, and compromised function which may be accompanied by involvement 
across numerous body systems [ 1 – 14 ]. Individual MDs differ in the genetic basis, 
the cause and site of pathology, specifi c clinical features, distribution and extent of 
involvement, natural history, and prognosis [ 15 – 18 ], the details of which have been 
covered in previous chapters. 

 Similarities in the clinical presentation of MDs have allowed the use of  common 
principles of clinical management and intervention in the provision of optimal 
 comprehensive care with the coordinated expertise of a multidisciplinary team 
[ 5 ,  6 ,  19 ,  20 ]. Comprehensive, anticipatory physical therapy (PT) management of 
MD is based upon an understanding of the pathokinesiology of each type of MD, 
an understanding of the progression of the pathokinesiology over time, individual 
evaluation within the context of each individual’s life and goals, and provision of 
consistent, preventative management across the lifespan in order to minimize the 
clinical and functional impact of the diagnosis and to optimize quality of life [ 1 – 3 , 
 5 ,  6 ,  11 ,  19 – 24 ]. 

 Historically, physical therapists have worked with individuals with MDs to 
minimize the clinical impact of the cellular pathology, to prevent secondary 
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complications, to promote and maintain the maximum level of function and 
functional independence, and to achieve and maintain the highest possible qual-
ity of life for all individuals in spite of the disease process and/or progression 
[ 6 ,  25 – 28 ]. 

 We are now entering an exciting new era, in which the natural histories of neu-
romuscular disorders are changing and improving based on improved medical care 
and management, and in which actual disease modifying treatments are emerging 
(see Chapter   4    ). PT management may increasingly, and for the fi rst time, have the 
opportunity to assist in contributing to improvement and recovery in individuals 
with muscle diseases in addition to using prospective anticipatory care to manage 
impairments and optimize function and participation. In this new era, it will remain 
important to understand and continue to use optimal principles of intervention in 
comprehensive, anticipatory, preventative management and to optimize the benefi ts 
of disease modifying treatments as they emerge.  

   Pathokinesiology 

 The underlying genetic basis and cellular pathology that characterize specifi c 
MDs differ, but each is typically characterized by a unique and genetically based 
 progressive degeneration of muscle often accompanied by fi brosis and fatty infi l-
tration that contributes to the development of contracture and deformity [ 29 ] (see 
Chapters   3    –  5    ). A self-perpetuating cycle of events in MDs has been described 
[ 14 ], in which imbalanced muscle weakness, compensatory movement patterns 
and postural habits, and the infl uence of gravity interact in the progression of dis-
ability [ 1 ,  2 ,  11 ,  14 ,  19 ,  30 – 32 ]. Weakness often progresses proximal to distal and 
is often fi rst evident in muscles around the shoulder, trunk, and pelvic girdles, 
with patterns of muscle involvement specifi c and unique to each type of MD [ 1 , 
 13 ,  15 – 18 ,  31 ,  33 ,  34 ]. As weakness increases, compensatory alterations are made 
in posture and movement to mechanically lock joints and substitute for lack of 
adequate muscle strength [ 11 ,  14 ,  19 ,  30 ,  31 ,  35 ]. The substitutions are effective 
in maximizing function but eventually lead to contracture and deformity that con-
tribute to increasing weakness and disability [ 36 ,  37 ]. In addition to weakness that 
occurs due to actual muscle degeneration, weakness may also seem to “progress” 
in proportion to growth, as has also been described in other disorders character-
ized by weakness [ 38 ,  39 ]. The compromising impact and effect of gravity 
increases in magnitude with increased size as the muscles are less able to cope 
with an increase in mass, and during periods of rapid growth in which contracture 
can progress more rapidly. 

 Effective intervention is that which is focused on breaking this self-perpetuating 
cycle of events whenever possible so that strength can be maximally maintained, 
contracture and deformity can be minimized, and compensations can be used to 
maximize function without leading to increases in disability [ 14 ,  19 ]. 
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 The key to management of most neuromuscular diseases is in their predictabil-
ity [ 1 ]. Muscle weakness progresses in specifi c and well-known orders and pat-
terns [ 1 ,  13 ,  30 ,  31 ,  40 – 43 ]. Predictable compensations are used to cope with this 
increasing weakness [ 1 ,  33 ,  34 ,  44 – 46 ]. Specifi c muscle tightness, contracture, and 
deformity can result and occurs in predictable sequences without intervention [ 5 , 
 6 ,  36 ,  40 ,  46 ] (Table  8.1 ). This predictability is a double-edged sword. On the one 
hand, the predictability is evidence of a progression that cannot yet be stopped. On 
the other hand, knowledge of the predictable progression empowers the multidis-
ciplinary team, and the family, to plan ahead and intervene with prospective, pre-
ventative, anticipatory management. Many of the devastating secondary effects of 
the intrinsic myopathic process can be minimized with comprehensive, ongoing, 
anticipatory, and preventative management that maintains the highest possible 
quality of life despite disease progression [ 6 ,  55 ]. Multidisciplinary guidelines 
supporting this approach are available for increasing numbers of neuromuscular 
disorders [ 5 ,  6 ,  56 ,  57 ].   

   Physical Therapy Assessment 

 Assessment must be ongoing and comprehensive so that intervention can be timely 
and anticipatory [ 6 ,  37 ]. Specifi c areas of weakness, tightness, and compensation 
should be identifi ed in order to allow intervention that optimizes and protects mus-
cle integrity and function, prevents contracture and deformity, and provides for 
effective adaptive functioning and participation to the greatest extent possible [ 6 ]. 
Assessment and intervention should occur across the ICF (the World Health 
Organization International Classifi cation of Function [ 58 ]) and across the lifespan 
[ 5 ,  6 ,  55 ,  59 ] and should include impairment level measures, functional measures, 
and measures of participation, while considering the context and environmental fac-
tors of the individual [ 60 ]. Assessment and management of musculoskeletal and 
cardiorespiratory involvement and function requires a multidisciplinary team [ 5 ,  6 ] 
(Table     8.2 ).   

   Physical Therapy Intervention 

   Prevention of Contracture and Deformity 

 With weakness and compensation there may be no way to eliminate a compensatory 
pattern of movement without eliminating the function it serves, but it is important to 
try to fi nd compensations that pose less of a risk of contracture and deformity and 
to try to avoid development of the contractures that contribute to the self-perpetuat-
ing evolution of weakness/contracture/functional loss [ 6 ,  14 ,  30 ,  31 ,  35 ]. The effects 
of chronic positioning, the unopposed infl uence of gravity, and imbalanced muscle 
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activity around joints contribute to the development of hypoextensibility (tightness) 
and contracture [ 2 ,  6 ,  11 ,  30 ,  35 ,  119 ]. Positioning for function and for management 
of the musculoskeletal system should be offered [ 6 ,  21 ,  23 ,  120 – 122 ]. 

  Stretching : Prevention/minimization of contracture requires suffi cient daily elon-
gation of musculature and daily movement through more complete ranges of 
motion than the individual with MD typically uses actively and independently [ 1 , 
 2 ,  6 ,  11 ,  21 ,  36 ,  44 ,  45 ,  119 ,  123 ]; these may be achieved through preventative 
stretching and varied positioning, facilitation of movement and position changes, 
use of therapeutic interventions including passive and active elongation, daily 
range of motion/stretching, the appropriate use of orthotic intervention, splinting, 
serial casting, power positioning components on mobility devices, participation in 
aquatics and cycling/assisted cycling and other forms of submaximal active move-
ment and participation, and the use of adaptive equipment for positioning and pro-
longed passive elongation including the use of standers and stand-and-drive 
mobility devices [ 5 ,  6 ,  11 ,  19 ,  21 ,  23 ,  24 ,  37 ,  44 ,  45 ,  55 ,  119 ,  123 – 127 ]. A stretch-
ing program should begin early in the course of the disease and is more effective 
and more easily established as part of the daily routine if it is begun before muscle 
tightness/contracture is established and before stretching is uncomfortable. A pre-
ventative stretching program should address structures known to be at risk for 
tightness based on natural history of the specifi c diagnosis, as well as any struc-
tures identifi ed by individual assessment to be at risk for contracture [ 6 ]. Direct 
and skilled physical therapy techniques of muscle elongation, joint mobilization, 
gentle manual traction, and use of modalities and other manual therapy techniques 
to increase joint mobility and muscle elongation should be included as appropriate 
for individual patients based on recommendations after individual physical therapy 
evaluation [ 128 ] (Table  8.3 ).  

  Orthotic intervention/adaptive equipment : Orthotic intervention may be recom-
mended for function and/or for assistance in management of the musculoskeletal 
system and may include consideration of many different choices, confi gurations, and 
materials, for upper and lower extremities, trunk, and neck. Lower extremity orthotic 
intervention may include consideration of ankle–foot orthoses (AFOs or “short leg 
orthoses”), knee–ankle–foot orthoses (KAFOs or “long leg braces”), knee extension 
splints, inframalleolar orthoses (“foot orthoses”), or other types and confi gurations 
of orthoses, with control of varying degrees of freedom depending on specifi c diag-
nosis and individual assessment [ 6 ,  21 ,  23 ,  123 ,  129 ]. Upper extremity splinting, 
orthotic intervention, and support may include splinting for stretching or support of 
function [ 130 ] and is increasingly including exploration of exoskeletons and robotics 
to increase functional use of hands in the presence of proximal weakness [ 131 ,  132 ]. 

 Use of lower extremity orthotic intervention and adaptive equipment for  function  
during walking typically depends upon the distribution of weakness and the required 
use of compensatory patterns of movement for function. In the presence of relatively 
greater proximal weakness in individuals who are independently ambulatory, such as 
in Duchenne muscular dystrophy (DMD), the use of AFOs during walking is not 
typically recommended. This is because AFOs tend to compromise ambulation by 
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limiting the use of compensations needed for walking, such as toe-walking or inter-
mittent toe-walking, may compromise proximal compensations needed to keep the 
line of gravity behind the hip and in front of the knee to maintain ambulation, and 
may make it more diffi cult to get up from the fl oor, with the added weight of AFOs 
further compromising function [ 6 ,  129 ]. In other types of MD characterized by rela-
tively greater distal than proximal weakness, or in which more global weakness is 
present, such as in some types of congenital myopathy, AFOs may assist in providing 
distal stability. This can be benefi cial during standing and/or ambulation as long as 
AFOs are lightweight enough and offer optimal support without unnecessarily com-
promising function or movement that is necessary for function. Newer, ultra-light-
weight carbon fi ber AFOs used in conjunction with lower profi le orthotic intervention 
at the foot and ankle may offer lightweight support without compromising function 
in those with greater distal than proximal weakness. This can potentially offer dorsi-
fl exion assist during swing to prevent “foot drop” and “steppage gait” and potentially 
provide some fl oor-reaction support of knee extension during stance and may 
decrease fatigue. Ankle height or supramalleolar orthoses (SMOs) are not typically 
helpful because they add weight that challenges active dorsifl exion (typically weak 
in MDs) without adding dorsifl exion assist. However, these could be considered in 
the rare situation in which weakness is extremely mild, with good strength in anterior 
tibialis, but with poor medial–lateral alignment that requires more support than an 
inframalleolar orthosis. KAFOs may be useful in children with greater weakness 

   Table 8.3    Muscles/joints/tissue commonly at risk for tightness in MDs (specifi cs depend on specifi c 
diagnosis) a    

 Lower extremities  Upper extremities  Spine 

  Muscles/soft tissue :   Muscles/soft tissue :  Spinal extensors (including 
cervical) 

 Hip fl exors  Shoulder musculature  Intercostals 
 Iliotibial bands  Elbow fl exors  Risk of: 
 Hamstrings  Forearm pronators  – Scoliosis 
 Plantarfl exors, especially 
gastrocnemius 

 Wrist and fi nger fl exors and/
or extensors 

 – Excessive kyphosis 

 Posterior tibialis  Lumbricals  – Excessive lordosis 
 Plantar fascia  – Pelvic asymmetries and 

mal-alignment 
 Two joint muscles get tight fi rst  Two joint muscles get tight fi rst  Excessive anterior pelvic tilt 
  Joints—risk of contracture into :   Joints—risk of contracture into :  Excessive posterior pelvic tilt 
 Hip fl exion  Elbow fl exion  Lateral pelvic tilt 
 Knee fl exion  Wrist fl exion (or extension)  Horizontal pelvic rotation 
 Ankle plantarfl exion  Flexion at isolated fi nger joints 

(PIP, DIP) 
 Extension at isolated fi nger 
joints (PIP, DIP) 

    a Any muscles, joints, soft tissue or structures may be at risk for tightness, contracture, deformity 
based on individual assessment of typical/chronic posture, function, muscle imbalance, compensa-
tory patterns of movement, and the infl uence of gravity  
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throughout lower extremities in the absence of the ability to support weight-bearing 
independently. This approach has been shown to extend walking for several years in 
some individuals with DMD when independent walking becomes too diffi cult 
because of inability to support weight through lower extremities without support 
and/or inability to maintain biomechanical positioning to mechanically lock joints in 
support of weight-bearing and ambulation [ 46 ,  55 ,  121 ,  133 – 136 ]. Braced ambula-
tion with KAFOs may be therapeutic rather than functional across settings [ 46 ] and 
is most often used in combination with motorized mobility for functional, safe, inde-
pendent mobility in settings in which braced ambulation is not functional or does not 
allow optimal participation. 

 Use of lower extremity orthotic intervention and adaptive equipment for  musculo-
skeletal management  (to prevent contracture and deformity) may include the use of 
AFOs [ 6 ,  21 ,  123 ], KAFOs [ 23 ,  55 ,  133 ], thigh binders, splints, serial casting [ 126 , 
 127 ], or other positioning devices at night [ 21 ] or in the evening or during any portions 
of the day when they will not unduly interfere with function [ 6 ]. The use of AFOs at 
night has been shown to minimize the progression of plantarfl exion contractures [ 21 ] 
and is recommended if tolerated. AFOs used at night need to be comfortable and 
should be custom molded and lightweight enough not to unduly restrict bed mobility. 
A bed or foot tent can hold the blanket up off of the feet to avoid the feet getting tan-
gled in the sheets. Adjustable angle orthoses can sometimes be used to provide differ-
ing amounts of stretch at different times of the day, or gradually increasing elongation 
for comfort. The use of ankle height or SMOs may be helpful for those using a wheel-
chair full time, in order to assist in maintaining optimal medial–lateral alignment if the 
footplate of the chair can be successfully used to limit excessive plantarfl exion. The 
number of hours per day that a muscle is in a lengthened vs. shortened position will 
infl uence the development or prevention of contracture. Standard recommendations 
for prevention of progressive contracture support the maintenance of a lengthened 
position for six of every 24 h [ 137 ]. The use of standers and stand-and-drive motorized 
mobility devices is recommended for providing prolonged passive elongation into 
simultaneous hip and knee extension in an upright weight-bearing for optimizing and 
maintaining joint range of motion, providing muscle elongation over multiple joints, 
and optimizing bone integrity, if tolerated [ 20 ,  55 ,  133 ,  134 ,  138 ,  139 ]. 

  Prevention / minimization of spinal deformity  typically involves: promotion of sym-
metry through the vertebral column and pelvis; support of appropriate amounts of 
extension and fl exion at specifi c levels of the vertebral column; maintenance of 
fl exibility; support of optimal posture; and minimization of the asymmetrical 
deforming forces of compensatory patterns of movements used for function (in 
most neuromuscular disorders) or intrinsic to diagnosis (such as in FSH). The    pro-
gression of spinal deformity in neuromuscular disorders has been well studied, and 
understanding of the individual pathokinesiology in each diagnosis and detailed 
assessment and management of the interaction between components in each indi-
vidual are critical. The development and progression of scoliosis has been most 
extensively studied in DMD, which can be used as a model to understand the patho-
kinesiology, and can inform conservative treatment. The natural history of scoliosis 
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is changing with the use of steroids in DMD, with scoliosis appearing later, and with 
less devastating progression [ 140 ]. 

  Scoliosis in ambulatory individuals  with DMD has been studied [ 141 ,  142 ] and is 
characterized by a fl exible, functional scoliosis related to asymmetrical lower 
extremity position/contracture, pelvic obliquity, asymmetrical realignment of shoul-
ders, head, and upper extremities [ 35 ,  143 ,  144 ]. Fixed spinal asymmetry is typi-
cally minimized spontaneously in ambulatory individuals by prolonged, protective 
spinal hyperextension and locking of posterior intervertebral facet joints at lumbar 
and lumbosacral levels, and alternating torso shift and lateral trunk elongation [ 11 , 
 35 ,  145 ]. 

 Historically, prolongation of ambulation by management of lower extremity con-
tracture and the use of long leg braces appeared to slow the development of scoliosis 
in some [ 146 ], likely via prolongation of protective spinal hyperextension maybe 
through the adolescent growth spurt, and continued torso shift and lateral trunk 
elongation over symmetrical lower extremities [ 35 ,  145 ,  147 ,  148 ]. Factors that 
have appeared to infl uence whether or not scoliosis appears prior to fi nal loss of 
ambulation included: the age at which walking ceases; intervention used or not used 
to prolong ambulation; and fi nal gait pattern [ 146 ]. 

 It has generally been agreed that spinal curves during the ambulatory period are 
not usually “fi xed” (i.e., rigid or infl exible), are functionally necessary for ambula-
tion, and cannot be corrected without risking the loss of ambulation [ 35 ]. Attempts 
should be made, therefore, to minimize long-term effects of asymmetry with stretch-
ing, positioning, etc., while allowing compensations necessary for function. In indi-
viduals with intrinsic asymmetry of weakness, as has been identifi ed in FSH, and 
extreme anterior pelvic tilt and lumbar lordosis, the use of a soft corset during ambu-
lation may provide support that decreases pain and fatigue during ambulation with-
out compromising compensations to the extent that ambulation is compromised. 

  Scoliosis in non-ambulatory individuals : Scoliosis as a signifi cant problem in DMD 
and other neuromuscular disorders typically either begins or develops more rapidly 
as ambulation is lost and full time use of a wheelchair begins [ 35 ,  149 ]. It is one of 
the most serious and disabling complications of many neuromuscular disorders and 
has been studied extensively in DMD, with the understanding of the principles of 
progression and treatment gained in DMD useful in the management of all neuro-
muscular scoliosis [ 150 ]. Neuromuscular scoliosis can progress to a level of inca-
pacitating severity that compromises pulmonary function, sitting ability, upper 
extremity function, comfort, and cosmetic integrity [ 11 ,  35 ]. The progression of sco-
liosis is variable, however, and fi nal deformity ranges from mild in some individuals 
to severe in others [ 150 ]. The signifi cance of the variability is in the opportunity it 
offers for effecting change and for making use of intervention that may prevent or 
minimize the development of scoliosis. Attempts at successful management must be 
based on a comprehensive understanding of the factors that contribute to the develop-
ment of scoliosis. Aggressive conservative management must be coordinated with 
consideration of surgical options in order to prevent the catastrophic progression to 
severe deformity in all individuals with MDs. 
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 Factors that contribute to the development of scoliosis can be divided into 
those factors that make the spine vulnerable and those factors that initiate asym-
metry [ 151 ].

   Factors That Make the Spine Vulnerable [  151  ]:  
•    Severe symmetrical weakness in trunk musculature  [ 150 ,  152 ]

 –    Decreases spinal support and stability.  
 –   Without external support, the spine is vulnerable to external forces it can-

not oppose.     

•    Rapid vertebral growth during adolescent growth spurt  [ 152 ,  153 ]

 –    Often coincides with, or follows, the loss of ambulation.  
 –   Increases vulnerability to potentially deforming forces (the musculoskel-

etal system is known to be more vulnerable to any deforming force during 
periods of rapid growth).     

•    Loss of protective spinal hyperextension  [ 11 ,  19 ,  154 ,  155 ]

 –    Spinal hyperextension is decreased or eliminated when individuals begin 
to sit full time [ 156 ].  

 –   Posterior intervertebral facet joints are unlocked and allow more lateral 
fl exion (bending) and rotation [ 19 ,  150 ,  156 ].  

 –   Stretching of posterior spinal ligaments increases with kyphosis [ 150 ].  
 –   Can be exacerbated by posterior pelvic tilt caused by tight hamstrings and 

lower extremity alignment in sitting.       

  Asymmetrical forces imposed  on the symmetrically weak and vulnerable spine [ 151 ]:
•        Compensatory movement patterns  used:

 –        For stability —Tend to lean on one arm of the wheelchair, may lean for-
ward also—tends to push that shoulder up.   

 –       For upper extremity (UE) function —Use lateral trunk fl exion towards the 
contralateral (opposite) side when elevating or abducting one upper 
extremity, in order to substitute for weak shoulder muscles, with persistent 
leaning towards the non-dominant side, may contribute to development of 
a curve with convexity towards the side of dominance [ 152 ,  157 ].       

•       Pelvic position :

 –        Posterior pelvic tilt  [ 11 ,  150 ]

     Can further exacerbate an asymmetrical loss of spinal hyperextension 
by asymmetrically tightness in hamstrings [ 150 ]      

 –       Pelvic obliquity  (lateral pelvic tilt) [ 11 ,  35 ,  150 ]   
 –       Pelvic rotation  (in horizontal plane) [ 150 ]

     Pelvic rotation and obliquity can be present in sitting from:

 ▪     Preexisting asymmetry of soft tissue contracture  around hips and 
pelvis [ 35 ] (for example: hip fl exors, iliotibial bands)  
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 ▪    Asymmetrical pelvic position  in the absence of asymmetrical con-
tracture, from [ 11 ,  150 ]

 ▫    Sling seat  
 ▫   Poorly fi tting wheelchair  
 ▫   Any unstable sitting surface            

 –       Lower extremity position  [ 30 ,  35 ]

      Hips  can have a direct effect on pelvis, then spine, as described above:

 ▪    Asymmetrical hip fl exor and/or iliotibial band tightness or 
contracture  

 ▪   Tight hamstrings leading to posterior pelvic tilt and kyphosis     

     Foot / ankle  asymmetrical contracture into equinovarus from unopposed 
posterior tibialis and gastrocsoleus—tighter side pushes pelvis back 
into ipsilateral posterior horizontal pelvic rotation.            

 The deforming force of  gravity  on the vertebral column increases in the presence of 
asymmetrical spinal-pelvic alignment that compromises the simple mechanical 
ability of the vertebral column to withstand the force of gravity. In addition, the 
resultant unequal distribution of weight on epiphyseal growth plates increases the 
potential for an initial fl exible scoliosis to become structural.

   Interaction Between Factors  

•   Symmetrically weak and vulnerable spine is present in all individuals with 
DMD when ambulation ceases.  

•   Particular vulnerability is present in those who lose protective spinal hyperex-
tension. This is the initiating factor that is imposed upon the spine with the 
potential to cause asymmetry and progressive scoliosis. It may include any 
one of previously described factors and may be different in each person.  

•   Once asymmetry is initiated, secondary asymmetries are established and spi-
nal deformities can progress in a self-perpetuating circle of weakness, com-
pensation, and contracture.    

 Management of the spine must be anticipatory and preventative with consider-
ation across the continuum of intervention options, including stretching, positioning, 
external support, and surgical options, with coordination between the multidisci-
plinary team. The use and timing of anticipatory and preventative conservative mea-
sures is coordinated with ongoing assessment regarding the potential need for 
surgical stabilization to manage curves that progress in spite of conservative mea-
sures. Care must be taken to coordinate with the rest of the team, with particular 
coordination between PT, orthopedics, pulmonary medicine, and cardiology, as con-
servative measures are employed. This helps ensure that the window of opportunity 
for surgical spinal stabilization (which is dependent on the interaction between pul-
monary, respiratory, and cardiology status) is not missed, if the individual will need 
surgical stabilization at some point (see Chapter   9    ). 
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 Intervention described in the literature has included prolongation of ambulation, 
external support including bracing, specialized seating systems, wheelchair modifi ca-
tions, promotion of upper extremity symmetry, control of lower extremity position, 
and spinal surgery. Bracing of the spine in individuals with DMD has historically not 
been tolerated or successful but may have a role in other diagnoses and situations, 
especially in younger children with myopathies characterized by more profound trunk 
weakness at earlier ages. Orthotic intervention may include supportive garments, cor-
sets, or spine jackets in younger children with some types of MD in order to support 
more vertical, symmetrical, and extended spinal alignment and more stable posture 
and stability in upright. Such interventions may assist in maintaining spinal symme-
try, or providing some support which may be benefi cial in ambulatory individuals in 
whom some support is helpful but must avoid excessive restriction of movement that 
may limit compensatory movement required for ambulation [ 158 – 160 ]. 

 Optimal support and positioning in seating systems is critical in musculoskeletal 
management of the spine and extremities and must include maintenance of midline, 
symmetrical pelvic position with prevention of lateral pelvic tilt, horizontal pelvic 
rotation, and excessive anterior or posterior pelvic tilt; maintenance of a midline 
erect spine, and support of a symmetrical midline head position. Typical recommen-
dations include: a solid seat and back; rigid lateral trunk supports; hip guides; adduc-
tors; a head rest and adequate upper extremity and foot and leg support; with power 
positioning components for power tilt, power recline, separately elevating power 
elevating leg rests, power adjustable seat height, and power standing [ 6 ]. Seating 
system components are needed for support for function, prevention of progressive 
contracture and deformity, and maintenance of skin integrity. Power positioning 
components are needed for function, for independent position change for prevention 
of contracture and deformity, for support of adequate frequency and duration of 
weight-bearing throughout the day, and for provision of independent weight shift and 
pressure relief throughout the day that is adequate to maintain skin integrity. 

 Physical therapy management of the spine in the individual with MD must involve 
ongoing evaluation and intervention. Ongoing evaluation must attend to the asym-
metrical forces acting on the vulnerable spine and should include assessment of:

•    Pelvic position  
•   Spinal alignment including

 –    Medial–lateral alignment  
 –   Rotational tendencies  
 –   Amount of extension  
 –   Symmetry vs. asymmetry     

•   Lower extremity position and its effect on the spine  
•   Compensatory movement patterns and positioning   

   Goals of PT Management of the Spine  
•   Maintain ambulation and standing as long as possible  
•   Promote spinal extension in sitting except in diagnoses or situations character-

ized by excessive extension, such as EDMD or in rigid spine syndromes [ 145 ]  
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•   Maintain maximal symmetry of positioning in wheelchair  
•   Limit use of compensatory movement patterns that lead to deformity  
•   Provide for UE function with symmetry  
•   Maintain fl exibility   

   Suggestions for Wheelchair Management  
•    Wheelchair support / positioning —the individual’s chair should fi t well and 

provide support that achieves:  
•    Sitting position  characterized by:

 –    A level pelvis without obliquity or rotation  
 –   A straight, erect, midline spinal position  
 –   Elimination of kyphosis and encouragement of extension except in diagno-

ses or situations characterized by excessive extension, such as EDMD or in 
rigid spine syndromes  

 –   Symmetrical LE position with good foot placement (not too much plantar-
varus) and without hip abduction     

•    Suffi cient trunk support  so that asymmetrical leaning is not necessary for 
maintenance of an upright position  

•    Control of asymmetrical movement patterns   
•   Specifi c recommendations for  wheelchair seating system components  include:

 –    Solid seat attached to frame of chair  
 –   Solid back attached to frame of chair  
 –   Pelvic control in all planes:

     Hip control blocks (hip guides)  
    Seat belt appropriately located and/or adapted  
    subASIS bar?     

 –    Knee pads  to control abduction (adductor pads)  
 –    Planar, rigid, lateral trunk supports —appropriately located and  strong  

enough to:

     Prevent the need to lean laterally for stability  
    Stop compensatory lean for UE function     

 –    Control of lower extremity position —might include:

     Foot plate appropriately located and angled  
    Ankle straps  
    Padded footrests or foot cradles  
    AFO’s  
    Surgical correction of ankle–foot deformity     

 –    Arm rests  appropriately located to encourage spinal extension rather than 
kyphosis  

 –    Chest strap  (in older individual) in order to provide additional support that 
centers trunk and allows leaning into lordosis [ 161 ]  
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 –    Lumbar roll  as appropriate to encourage spinal extension  
 –    Head support  (customized as needed)     

•   Power tilt-in-space, power recline, with separately elevating power elevating 
leg rests, for

 –    Changes in position, maintenance of skin integrity  
 –   Opening up of hip and knee angles to assist in minimizing the development 

of contractures     

•   Power standing  
•   Power seat elevation (power adjustable seat height)   

   Control of Asymmetrical Compensatory Movement Patterns  

•   Evaluate during  all  functional activities (wheelchair driving or propulsion, 
writing, eating)  

•    Stop compensatory lean !  
•   Provide for function with symmetry—might include:

 –    Relocation of wheelchair controls (joystick)

     Closer to hand on wheelchair arm to prevent need for reaching  
    Use of non-dominant hand?  
    Alternate sides periodically?  
    Central location? (but this can compromise stability and increase need 

for leaning)     

 –   Raised desk/tray/table height—works very well to allow pivoting of arm 
on elbow  

 –   Overhead sling  
 –   Balanced forearm orthoses  
 –   Robotic/exoskeleton forearm support  
 –   Other adaptive equipment     

•    Standing —to assist in control of LE contracture and to encourage spinal 
extension as well as offering more general physiological benefi ts and increased 
function  

•    Maintaining fl exibility 

 –    Elongation in prone, supine, or sidelying to maintain symmetrical lateral 
elongation and fl exibility  

 –   Maximally preventing contractures in lower extremities     

•    Parent/child education 

 –    Educate individual and caretakers about symmetry vs. asymmetry and 
goals of spinal management as described above  

 –   Have individual monitor symmetry vs. asymmetry with visual feedback at 
mirror periodically, and when making changes in support or positioning to 
establish accurate “feel” of symmetry       
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 It is important to stop and consciously reassess postural alignment at regular inter-
vals—even as frequently every three months in addition to daily awareness. 

 The above spinal management plan outlines conservative measures that can be 
used in an attempt to prevent the progression of scoliosis in individuals with DMD. 
Close coordination with the rest of the medical team is important in identifi cation of 
those individuals in whom conservative measures are not working so that more 
aggressive means, such as surgery, can be used for spinal management. 

 Spinal surgery is discussed in detail elsewhere (see Chapter   9    ).  

   Optimizing strength 

 Concern about whether or not strengthening activities hasten the progression of 
weakness in dystrophic muscles are longstanding and exist for many reasons, yet 
precise knowledge regarding what types of muscle activity may be detrimental or 
benefi cial is limited [ 22 ,  172 – 187 ]. A certain amount of muscle activity has been 
assumed to be benefi cial in preventing disuse atrophy, maintaining residual strength, 
providing or maintaining a potential trophic infl uence of active movement on mus-
cle, and maintaining functional status and fl exibility [ 174 ,  182 ,  183 ,  187 ]. Overwork 
weakness, however, should be avoided, as should exercise-induced damage [ 182 , 
 183 ]. Eccentric muscle activity and maximal resistive exercise are believed to be 
detrimental to fragile muscles and should be avoided [ 183 ]. Submaximal aerobic 
exercise within the limits of pain and fatigue is generally supported, balanced by the 
use of energy conservation techniques for support of function and participation 
[ 174 ,  182 ,  183 ,  187 ] with respiratory muscle training supported by some with simi-
lar caution about overexertion [ 167 ,  188 – 192 ].  

   Managing/minimizing pain 

 This often involves assessment and correction of posture; assessment and correction 
of abnormal or excessive pressure imposed by abnormal posture, immobility, and 
abnormal weight-bearing with decreased ability to change positions; muscle tight-
ness and/or over-lengthening, imbalanced muscle activity, and functional compen-
sations; patterns and presence of overuse; fatigue; with consideration of other 
factors such as fracture and cardiac etiology important in settings of acute, new 
onset, or changing pain [ 193 ]. The use of energy conservation techniques and analy-
sis of ergonomics during function are important in prevention and reduction of pain, 
as is the provision of appropriate adaptive equipment to support function, move-
ment, position change, and pressure relieving surfaces for sitting and sleeping. 
More direct treatment for relief of pain should be coordinated by the multidisci-
plinary team and may include PT interventions using modalities of heat, cold, 
TENS, and massage [ 47 ].
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  Respiratory Management [ 162 – 164 ] 

•   Comprehensive evaluation and management by pulmonary medicine special-
ists is recommended [ 162 ,  163 ,  165 ,  166 ]  

•   Respiratory function can be compromised by a number of factors:

 –    Progressive muscle weakness interacts with spinal/thoracic deformity to 
result in severe decline in pulmonary function.  

 –   Intrinsic lung disease is  not  typically present.  

•   Involvement typically includes:       

     Less effective breathing due to muscle weakness 

•    Weakness may present and progress in respiratory muscles including dia-
phragm, intercostal muscles, abdominal muscles, and accessory muscles of 
respiration such as neck fl exors, depending on the specifi c diagnosis.  

•   A diaphragmatic pattern of breathing may be used with very little intercostal 
activity. This restricted pattern of breathing and increasing muscle weakness 
leads to an inability to expand and compress the lungs fully.  

•   Total lung capacity, vital capacity, and forced inspiratory and expiratory abili-
ties decrease and residual volume increases.  

•   Progression:

   Shallow    breathing  
  ↓  

  More rapid breathing (to get rid of CO 2 )  
  ↓  

  Less chest or lung volume/expansion  
  ↓  

  Decreased breathing volume        

•    Decreased lung expansion : leads to little areas of collapse of lung tissue (i.e., 
atelectasis vulnerable to infection).  

•    Decreased coughing ability : due to weakness in abdominals and muscles of 
forced expiration as well as decreased ability to take a deep breath just before 
coughing. This leads to retention of secretions.  

•    Restricted thoracic mobility  and stiffening of the chest wall result from fi brous 
replacement of the muscles of the thoracic wall as well as from restricted patterns 
of breathing and decreased lung movement. This leads to further decrease in lung 
mobility and expansion. It may be accompanied by ankylosing of the joints.  

•    Impact of spinal deformity  on respiratory status: Respiratory insuffi ciency 
compounded by scoliosis when present.  

•    Goals of interventions :

 –    Maintain chest wall mobility  
 –   Maintain strength and endurance in respiratory muscles as much as possible, pos-

sibly with submaximal exercise, especially when young (and also by  providing 
them with suffi cient rest with non-invasive ventilation as needed) [ 167 ].  
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 –   Establish and maintain most effi cient breathing pattern possible  
 –   Establish good pulmonary hygiene  
 –   Coordinate with pulmonary team  
 –   Support appropriate use of noninvasive inspiratory and expiratory aids     

•    Suggestions :

 –    Inspiratory exercises/segmental breathing

     To strengthen diaphragm gently, as appropriate, depending on diagnosis  
    For lung expansion and chest wall mobility  
    For more effi cient breathing     

 –   Swimming

     Breath control  
    Breathing patterns  
    Endurance     

 –   Practice coughing and use of mechanical assistance (manual assistance, 
ambu-bag)  

 –   GPB—glossopharyngeal breathing  
 –   Airway clearance techniques with postural drainage as necessary, with use of 

percussion or oscillatory vest  
 –   Periodic review of pulmonary hygiene techniques for at home  
 –   Spinal program to attempt to avoid potential further compromise of respira-

tory system by scoliosis  
 –   Inspiratory muscle aids: for example, nocturnal or daytime non-invasive ven-

tilatory support  
 –   Expiratory muscle aids: for example, mechanical insuffl ation–exsuffl ation 

(MIE)—Cough Assist™  
 –   Coordination with team for anticipatory management regarding potential 

 tracheostomy if necessary.       

   Cardiac [ 168 ] 

 Cardiac muscle can be affected by the dystrophic process and anticipatory, preven-
tative, comprehensive evaluation and management by cardiology is recommended 
[ 168 – 171 ]. Myocardial fi brosis may occur, primarily involving the free wall of the 
left ventricle. Cardiac involvement may also be affected by respiratory status and by 
scoliosis that, if severe, can cause direct cardiac compression. Cardiac involvement 
is frequently progressive and may be eventually characterized by the ECG abnor-
malities, hypertrophic cardiomyopathy, and dilated cardiomyopathy [ 171 ]. 

 Cardiac involvement across the spectrum of MDs may also include AV block, 
atrial paralysis, atrial fi brillation or fl utter, ventricular arrhythmia, conduction 
defects, and reduced ejection fraction [ 171 ]. 
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 Cardiac involvement in Becker muscular dystrophy [ 171 ] is often out of propor-
tion with skeletal muscle involvement, additionally taxed by increased level of 
gross motor activity, with cardiac transplantation a viable option in some cases. 
Emery Dreifuss muscular dystrophy (EDMD) is typically characterized by cardiac 
conduction defects [ 53 ]. Cardiac care of individuals in MDs is more anticipatory 
and preventative than in the past. With increased survival, pacemakers and defi bril-
lators are beginning to be used for some individuals [ 169 ]. 

 Carriers of DMD/BMD may have cardiac manifestations and should be assessed 
and followed [ 170 ].   

   Maintaining Function 

•     At every age, and every stage, age-appropriate function, participation in all 
aspects of life in which the individual is interested, and maximal independence 
should be supported.  

•   The bottom line should always be—“can he/she keep up with his/her peers?”  
•   Technology is the key to freedom in many situations.   

  Adaptive Equipment and Assistive Technology 

•   Mobility devices:

 –    Manual, motorized, power assist, scooters  
 –   Custom seating  
 –   Power positioning components:

     Power tilt  
    Power recline  
    Separately elevating power elevating leg rests  
    Powered seat elevation  
    Powered standing and powered stand and drive        

•   Cycles, power assist cycles  
•   Standers  
•   Power adjustable beds and pressure relieving mattresses  
•   Lifts and transfer devices, powered lift (including ceiling lifts, pivot lifts, stair 

lifts, powered patient lifts)  
•   Upper extremity supports (forearm supports, robotics elbow blocks to keep 

hand from sliding away from joystick)  
•   Mini-proportional joy sticks  
•   Computer access, infra-red environmental control, bluetooth, voice activa-

tion, eye gaze systems  
•   Internet access  
•   Environmental control units (infra-red and bluetooth)  
•   Prism glasses for reading in bed or with limited mobility in neck fl exion  
•   Bidets  
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•   Bath and shower chairs  
•   Respiratory equipment:

 –    Cough assist  
 –   BiPAP and noninvasive ventilation  
 –   Vest     

•   Ramps, portable ramps, van lifts, vertical platform lifts  
•   Bathing and bathrooming equipment that fosters ease and independence  
•   Power operated beds  
•   Handheld devices (smart phones, tablets, etc.)  
•   Modifi ed sports equipment   

  Sports/Adapted Sports 

•   Swimming, cycling, wheelchair/adapted sports, dance      

   Conclusion 

 Remarkable advances and progress in research raise hopes for fi nding treatments 
and cures for many of the genetically determined neuromuscular disorders. If qual-
ity of life is the focus for all individuals as we wait for more specifi c treatment 
and cures, effective intervention can be offered in many areas by using continually 
updated skills and resources, ingenuity, and a comprehensive understanding of each 
neuromuscular disorder. Comprehensive, anticipatory physical therapy (PT) man-
agement of MD is based upon an understanding of the pathokinesiology of each 
type of MD, an understanding of the progression of the pathokinesiology over time, 
individual evaluation within the context of each individual’s life and goals, and 
provision of consistent, anticipatory, preventative management across the lifespan 
in order to minimize the clinical and functional impact of the diagnosis and to opti-
mize quality of life. Optimal management is important for each individual not only 
for the sake of each day that is experienced as we wait for a cure but also for protec-
tion of the future that unfolds for that individual, and in order to help individuals 
stay in the best possible condition to make use of cures as they are found.      

   Helpful Websites 

   Information About Diagnoses 

      http://www.parentprojectmd.org      
    http://www.mdausa.org/      
    http://www.mdausa.org/disease/40list.html     (list of diagnoses covered by Muscular 

Dystrophy Association (MDA)  

8 Physical Therapy and Orthotic Devices

http://www.parentprojectmd.org
http://www.mdausa.org/
http://www.mdausa.org/disease/40list.html


94

    http://www.fsma.org/      
    http://www.ninds.nih.gov/disorders/charcot_marie_tooth/detail_charcot_marie_

tooth.htm      
    http://www.pompe.org.uk/      
    http://www.amda-pompe.org/      
    http://www.pompe.com/healthcare/pc_eng_hc_main.asp      
    https://www.genetests.org/      
    http://www.emedicine.com/neuro/topic668.htm      
    http://curecmd.org/      
    http://www.childmuscleweakness.org/         

   Adaptive Equipment/Assistive Technology/Orthotic Intervention 

   Orthotic Intervention 

    http://www.dafo.com/       

  Lifts, Bathing, and Bathrooming Equipment 

    http://www.arjo.com/      
    http://www.image-management.com/      
    http://www.surehands.com/      
    http://www.bfl -inc.com/index.php       

  Respiratory Care 
    www.coughassistt70.respironics.com      
    http://www.thevest.com/        

 Oximeters:   http://www.pulseoximeter.org/    

  Car Seats for Fragile Infants 

    http://www.eztether.com/index.php/instructions/hope-car-bed       

  Standers 

    http://www.easystand.com/      
    http://mulhollandinc.com/products/rocket/      
    http://www.permobil.com       

  Wheelchairs/Mobility Devices 

    http://www.permobil.com      
    http://www.pridemobility.com/      
    http://www.dekaresearch.com/ibot.shtml      
    http://www.frankmobility.com/e-fi x.php       

  Cycling 

    http://www.exnfl ex.com/       
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  Other 

    http://www.portable-wheelchair-ramps.com/      
    http://www.ableplay.org/      
    http://accessiblelivingltd.com/portableramps.htm      
    http://www.aelseating.com/      
    http://www.easystand.com/      
    http://www.exnfl ex.com/      
    http://www.ezlock.net/      
    http://www.invacare.com/cgi-bin/imhqprd/index.jsp      
    http://www.kayeproducts.com/      
    http://www.adaptivemall.com/lectoilshowc.html      
    http://www.mulhollandinc.com/      
    http://www.ncatp.org/      
    http://www.portable-wheelchair-ramps.com/      
    http://www.pridemobility.com/      
    http://www.primeengineering.com/      
    http://www.quickie-wheelchairs.com/      
    http://www.rifton.com/index.htm      
    http://www.ezonpro.com/index.shtml      
    http://www.adaptivemall.com/tilslidrecba.html      
    http://www.duralife-usa.com/index.htm?group=5&content=2005      
    http://www.usatechguide.org/itemreview.php?itemid=846      
    http://www.permobilusa.com/templates/startpage.aspx?id=806      
    http://www.nadachair.com/      
    http://www.panthera.se/en/produkt_x.html      
    http://kinovarobotics.com/      
    http://www.pro-bed.com/      
    http://www.volker.co.uk/index.php           
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    Chapter 9   
 Orthopaedic Management of the Child 
with Muscular Dystrophy 

             Robert     K.     Lark      and     Elizabeth     W.     Hubbard     

            Introduction 

 The orthopaedic care of children with muscular dystrophy (MD) is a challenging 
endeavor. Although many similarities exist, each subtype of MD can present differ-
ently. It is imperative that the proper diagnosis be confi rmed so that treatment can 
be initiated based on knowledge of the natural history of the disease. Advancements 
in the medical management of MD are challenging historic recommendations for 
orthopaedic care. This chapter is intended to provide a brief, general overview of 
orthopaedic management of the most common childhood MDs.  

    Duchenne Muscular Dystrophy 

 Duchenne muscular dystrophy (DMD) is the most common childhood MD. As 
diagnostic genetic testing continues to improve, referral to the orthopaedic surgeon 
for consideration of muscle biopsy may be on the decline. Orthopaedic manifesta-
tions of this disease include gait abnormality, muscle weakness/ imbalance, joint 
contractures, fractures, and scoliosis. 
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    Non-operative Management 

 Although not necessarily applicable to other forms of MD, steroids (i.e. defl azacort, 
prednisone) are showing promise for prolonging ambulatory ability and decreasing 
the rate of scoliosis [ 1 – 4 ]. Unfortunately, side effects such as obesity, osteopenia, 
and fractures may negate some of the positive attributes of the drugs [ 5 – 7 ]. Studies 
are ongoing to determine the appropriate dosing regimen and duration of steroid 
treatment as cessation of the drug seems to lead to rapid decline of muscle strength 
[ 1 ,  3 ]. 

 A common presentation to the orthopaedic surgeon is for evaluation of toe walk-
ing in early childhood, often in the three- to fi ve-year age range. Careful assessment 
of the child’s birth history and complete musculoskeletal physical exam is essential 
to rule out other causes such as idiopathic toe walking, cerebral palsy, etc. It is not 
uncommon for these children to have a mild equinus contracture at this age and 
physical therapy can aid in maintaining ankle joint range of motion. Serial casting 
may also be considered followed by maintenance of foot position with an ankle foot 
orthosis [ 8 ]. As the child continues to grow, hamstring and hip fl exion contractures 
worsen as the proximal muscles weaken. Continued stretching and consideration of 
a knee-ankle- foot orthosis may be considered to prolong ambulation and standing 
ability [ 9 – 11 ]. Contractures also occur in the upper extremities and may require 
occupational therapy evaluation for stretching and assistive devices to aid in activi-
ties of daily living [ 12 – 14 ]. 

 Patients not receiving steroids have a high incidence of developing scoliosis. 
Once confi ned to a wheelchair, thoracic supports may aid in maintaining sitting 
posture, but likely do not impact progression of the curve. Bracing is not indicated 
as the effi cacy of brace treatment has not been shown to be benefi cial in this condi-
tion [ 15 – 20 ]. 

 Fractures are common once ambulatory ability is lost [ 5 – 7 ,  21 ]. Most fractures 
occur about the knee (most commonly the distal femur). Fracture management typi-
cally is non-operative. Care should be taken to avoid rigid immobilization with a 
heavy fi berglass or plaster cast as this can cause a fracture at the proximal end of the 
wrap. Most children are comfortable in a bulky wrap for four to six weeks until 
signs of radiographic union are evident. Bisphosphonates have been shown to 
improve back pain in patients with vertebral fractures, but have not been shown to 
decrease fracture risk [ 6 ].  

    Operative Management 

 When conservative measures fail, operative management of children with DMD can 
be benefi cial. Clear goals of the surgical procedure must be discussed with and 
understood by the family. Shapiro et al. proposed a system of surgical approaches 
based on the ambulatory ability of the patient [ 9 ]. The three basic categories include 
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ambulatory, rehabilitative, and palliative. The ambulatory category was subdivided 
into early-extensive, moderate, and minimum ambulatory approaches. The early- 
extensive approach is intended to be performed while the patient remains ambula-
tory and attempts to prevent the extensive contractures around the hip, knee, and 
ankle. The procedure involves excising the tensor fascia, lengthening the hip fl exors, 
hamstrings, Achilles tendon, and possibly transferring the posterior tibialis through 
the inter-osseus membrane to the dorsum of the foot. While early reports of this 
method were promising, longer follow-up studies have failed to show much benefi t. 
The “moderate ambulatory approach” is intended to address existing contractures in 
hopes to maintain ambulatory ability. The approach is similar to the extensive 
approach by utilizing intramuscular lengthening techniques of the gastrosoleus com-
plex as well as lengthening the hamstrings. The lengthening of hip fl exors and tensor 
fasciae showed no increased benefi t. The minimum ambulatory approach addresses 
only the equinus contracture. An intramuscular approach such as the Vulpius length-
ening is recommended to minimize the risk of over- lengthening potential that can 
occur with a z-lengthening. The rehabilitative approach is intended to allow a child 
with recent loss of ambulation to regain the ability to walk. This involves addressing 
the hip and knee contractures as well as percutaneously tenotomizing the Achilles. 
This approach requires post-operative brace management, but has been reported to 
increase ambulatory ability from several months to a few years. The palliative 
approach addresses the severe equinus deformity that prevents the patient from 
achieving a plantigrade foot to rest on the plate of his wheelchair. The procedure 
involves tenotomies of the Achilles, fl exor digitorum, and fl exor hallucis longus as 
well as tenotomy vs. transfer of the posterior tibialis to the dorsum of the foot [ 22 ,  23 ]. 

 In the event the patient develops scoliosis, it should be addressed quickly (Cobb 
angle >20°) as it remains unclear which patients will progress [ 20 ,  24 ]. Bracing is 
ineffective in this condition. Delaying surgery may unintentionally cause the child 
to have to forego spinal fusion due to decline in pulmonary reserve [ 20 ,  24 ]. Surgical 
correction of scoliosis in patients with DMD has generated much debate. 
Instrumentation must be individualized to each patient and may include pedicle 
screw fi xation, sublaminar wires, hooks, or a combination of anchors. Patients with 
pelvic obliquity should be fused to the pelvis, whereas those with a level pelvis may 
have success stopping at L5 [ 25 – 27 ]. The patient and family should be warned of 
potential risks such as bleeding, prolonged intubation, and infection. Additionally, 
children with moderate to severe upper extremity weakness may no longer be able 
to feed themselves as they lose the ability to move their trunk to their hands [ 28 ,  29 ].   

    Becker Muscular Dystrophy 

 Becker muscular dystrophy (BMD) is a less severe dystrophinopathy compared to 
Duchenne. These children ambulate for a longer duration and may never become 
confi ned to a wheelchair. Scoliosis is infrequent in this population. 
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    Non-operative Management 

 As with Duchenne, corticosteroids play a role in the non-operative treatment of 
BMD. Johnsen [ 30 ] reported that two patients with Becker’s had a signifi cant 
improvement in overall strength and reduction in serum creatine kinase levels after 
therapeutic treatment with prednisone. Because the severity of the disease varies 
with the level of functional dystrophin protein that is expressed, patients with BMD 
can differ in the clinical manifestations of the disease. Further studies are required 
in this patient population to determine which subset of patient’s with BMD would 
best benefi t from prolonged corticosteroid treatment. 

 Patients with BMD often remain ambulatory longer and have an overall slower 
disease course than patients with DMD. Orthoses can be benefi cial in patients who 
develop ankle and forefoot equinus [ 31 ]. Patients with BMD are felt to be better 
candidates for bracing than patients with Duchenne, both because they remain 
ambulatory and retain muscle strength longer.  

    Operative Management 

 Patients with BMD can develop similar orthopaedic conditions as those with 
Duchenne. However, the manifestations are typically delayed and less severe. The 
need for and timing of surgical intervention for orthopaedic manifestations of Becker’s 
is both reduced and delayed when compared with patients who have DMD [ 32 ]. 

 Forefoot and ankle equinus have been described in these patients. When refractory 
to stretching and orthoses, intramuscular lengthening of the Achilles tendon is effec-
tive for management of ankle equinus [ 33 ]. Patients should also undergo concurrent 
posterior tibialis tendon transfer to the dorsum of the foot if appropriate [ 32 ,  33 ]. 

 Scoliosis is seen more commonly in non-ambulatory adolescents. Because most 
patients with BMD remain ambulatory through adolescence and into adulthood, 
fewer patients develop scoliosis in adolescence [ 32 ]. Patients with BMD are still at 
greater risk for scolisosis overall and should be monitored closely with serial exams. 
As with patients who have DMD, patients with BMD should be considered surgical 
candidates when curves progress beyond 20° and the surgical principles are the 
same for both conditions [ 34 ].   

    Facioscapulohumeral Muscular Dystrophy 

 Facioscapulohumeral muscular dystrophy (FSHD) is an autosomal dominant disor-
der resulting in progressive weakness of the shoulder girdle and facial musculature. 
Orthopaedic manifestations include severe shoulder weakness, hyperlordosis, and 
eventually gait abnormalities. Scoliosis is rare but does occur. 
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    Non-operative Management 

 Non-operative approaches to the management of FSHD have evolved over recent 
years. Early literature reported that muscle strengthening placed patients at risk for 
disease progression due to destruction of muscle fi bers. However, more recent lit-
erature has shown that strength training and physical therapy can have positive 
effects. Andersen et al. showed that creatine kinase levels normalize within 24 h 
compared with pre-exercise levels, suggesting that irreversible or prolonged muscle 
damage is not an effect of exercise in these patients [ 35 ]. Olsen et al. found that a 
three-month low-intensity aerobic training program both improved oxygen uptake 
and caused no evidence of muscle damage among patients with FSHD [ 36 ]. 
Bakhtiary et al. attempted to optimize muscle function and found that simple motor 
learning programs could help FSHD patients adopt more effective muscle perfor-
mance during basic tasks that require shoulder abduction and elbow fl exion [ 37 ]. 

 Taking things a step further, Pasotti et al. designed a six-month exercise and 
nutrition supplement program for a 43-year-old patient with FSHD [ 38 ]. At the time 
of the initiation of the program, the patient was noted to have severe proximal mus-
cle weakness, hyperlordosis, and was no longer ambulatory. Pulmonary function 
tests revealed mild restrictive lung disease. The patient began a regimen of both 
endurance and strength training. Her diet was supplemented with branched chain 
amino acids, creatinine, and conjugated linoleic acid, based on previously published 
data that these agents can limit exercise-induced injury [ 39 – 41 ]. The patient devel-
oped a modest increase in shoulder abduction strength, with improvement in body 
mass composition and stabilization of pulmonary function tests, with no evidence of 
muscle soreness or muscle destruction [ 38 ]. 

 There is also growing literature on the effects of albuterol as a potential adjunct 
in the treatment regimen for patients with facioscapulohumeral dystrophy. A pilot 
trial of 15 patients with FSHD shows that daily treatments of sustained-release alb-
uterol over a three-month period signifi cantly improved patients’ lean body mass 
and strength [ 42 ]. A follow-up randomized clinical trial involving 90 FSHD patients 
showed that daily treatment with long-acting albuterol resulted in improved grip 
strength and signifi cantly improved muscle mass, although global measures of mus-
cle strength did not signifi cantly improve [ 43 ]. Albuterol was relatively well- 
tolerated by the patients in the study and the authors suggested that combining 
albuterol with other treatment modalities, such as strength training programs, might 
result in more signifi cant anabolic effects.  

    Operative Management 

 Surgical management of facioscapulohumeral dystrophy is largely directed at 
 scapular stabilization. The manifestation of FSHD that mostly limits daily activities 
is the patient’s inability to abduct his or her shoulders. Weakness of the trapezius, 
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rhomboids, levator scapulae, and subscapularis causes signifi cant scapular winging 
with any attempt at shoulder abduction. Stabilizing the scapula against the thoracic 
wall allows the deltoid and supraspinatus to abduct and forward fl ex the upper 
extremity. The shoulder range of motion achieved with stabilization is still less 
compared to that of unaffected patients, but the motion and strength is signifi cantly 
improved post-operatively for patients with FSHD. Stabilization can be done either 
through scapulopexy or scapulothoracic arthrodesis. 

 Scapulopexy involves stabilizing the scapula against the thoracic cavity without 
attempting to achieve an arthrodesis. This can be achieved by using autograft, such 
as fascia lata graft, or other materials such as merseline tape, dacron, or looped wire 
[ 44 ,  45 ]. The procedure requires minimal post-operative immobilization. After sur-
gery, patients can begin immediate shoulder range of motion. Because immediate 
range of motion is encouraged, patients can undergo contemporaneous bilateral 
scapulopexy or briefl y stage the procedure so that both shoulders can be addressed. 
Ketenjian suggested that scapulopexy should be the preferred treatment in patients 
with FSHD because it does not interfere with rib excursion and therefore would not 
have signifi cant negative effects on pulmonary function [ 45 ]. He reported improved 
shoulder abduction of an average 33°, as well as improvement in strength, endur-
ance, pain, and cosmesis in fi ve patients who underwent scapulopexy. Average 
patient follow-up in this study was 34 months. Giannini et al. reported signifi cant 
improvements in both shoulder abduction and forward fl exion in 10 patients who 
underwent scapulopexy for FSHD. The scapulae were fi xed to the underlying fourth 
through seventh ribs using wires passed through bone tunnels. Although initial 
results were good, average forward fl exion and muscle strength declined during 
long-term follow-up [ 44 ]. 

 Scapulothoracic arthrodesis is a more technically demanding procedure than 
scapulopexy. The goal is to fuse the scapula to the underlying ribs. Numerous tech-
niques have been described, although many follow a similar surgical plan [ 46 – 55 ]. 
Authors recommend making a posterior incision and elevating the rhomboids and 
trapezius off the medial border of the scapula, followed by a subperiosteal exposure 
of the underlying ribs [ 46 ,  48 ,  50 ,  55 ]. While most techniques recommend using 
iliac crest autograft, there are reports of successful arthrodesis using allograft [ 51 ]. 
Wires or multifi lament cables are then threaded around the underlying ribs and 
attached to the scapula through bone tunnels, with more recently reported tech-
niques recommending using a reconstruction or LCP plate to supplement scapular 
fi xation and prevent scapular fracture and wire cut-out [ 47 ,  49 ,  54 ]. Most methods 
involve a post-operative immobilization period of 6–12 weeks to allow time for a 
successful fusion, although some authors encourage immediate range of motion 
post-operatively [ 50 ,  55 ]. Once shoulder range of motion is initiated, the rehabilita-
tion protocol typically involves gentle range of motion passively, then actively, and 
then range of motion with weight bearing. The recovery time from this procedure is 
approximately six months. Simultaneous bilateral scapulothoracic arthrodesis is not 
encouraged because of the prolonged immobilization and weight-bearing restric-
tions post-operatively. 
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 Both scapulopexy and scapulothoracic arthrodesis are complex procedures and a 
full pre-operative evaluation of the patient must be performed. Pre-operatively, the 
patient’s passive and active shoulder abduction and forward fl exion should be evalu-
ated and recorded. The patient’s active shoulder abduction and forward fl exion 
should then be re-evaluated with the examiner stabilizing the patient’s scapula. This 
is known as the Horwitz maneuver. With the examiner holding the patient’s scapula, 
the deltoid and supraspinatus can contract against a stable scapula, allowing the 
muscles to abduct and forward fl ex the shoulder [ 33 ,  56 ]. Patients who will most 
benefi t from a scapulopexy or scapulothoracic arthrodesis have active abduction 
and forward fl exion from 90° to 120° when their scapulae are stabilized during the 
Horwitz maneuver. This represents the range of abduction required to carry out 
most activities of daily living [ 45 ]. Repeating the Horwitz maneuver with the scap-
ula fi xed at varying degrees of rotation against the thoracic wall can help determine 
the ideal position for scapular fi xation intra-operatively by allowing the surgeon to 
see which scapula position gives the patient the optimal amount of shoulder motion. 

 When deciding between scapulopexy and scapulothoracic arthrodesis, the 
patient’s pulmonary function and rate of disease progression should both be consid-
ered. Scapulopexy is a less invasive procedure and has been shown to have a less 
signifi cant effect on a patient’s pulmonary function, specifi cally forced vital capac-
ity and overall vital capacity. This is even more important if the patient is consider-
ing bilateral procedures, as bilateral scapulothoracic arthrodesis has been shown to 
signifi cantly affect pulmonary function both in the early recovery period and over 
the long-term follow-up. Also, patients with a rapidly progressive disease are likely 
better candidates for scapulopexy, as they would require less immobilization and 
would gain immediate function after the procedure. Most patients with FSHD have 
little to no decreased pulmonary function compared to unaffected patients and dis-
ease course is generally slow, with a normal life-expectancy [ 31 – 33 ,  56 ]. Therefore, 
most patients would have a greater overall benefi t from a scapulothoracic arthrod-
esis as the range of motion and daily function is retained over time. Patients should 
be warned that both cross-body adduction and internal rotation behind the body will 
be limited post-operatively. 

 Intra-operatively, important considerations include how to position and prep the 
patient and where to anchor the scapula on the thoracic wall. Prepping and draping 
the entire upper extremity into the surgical fi eld allows the surgeon to check pulses 
in the extremity to confi rm that scapular stabilization has not affected the vascular 
supply to the upper extremity. Mackenzie et al. reported taking a patient back to the 
operating room for immediate revision after the patient was noted to have a cold 
upper extremity in the post-anesthesia recovery area [ 57 ]. Repositioning the scapula 
on the ribs resulted in immediate return of the radial pulse [ 57 ]. Including the 
extremity in the sterile fi eld also allows the surgeon to range the arm after scapular 
stabilization to test the strength of the fi xation. Most authors recommend attaching 
the scapula to the third through sixth or fourth through seventh ribs, in no more than 
30° of external rotation. Preoperative evaluation can help the surgeon plan how to 
position the scapula on the thoracic wall to achieve optimal range of motion for the 
patient. Once the scapula is fi xed to the ribs, it is recommended that the surgical fi eld 
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be fi lled with normal saline and that the anesthesia team initiate positive  pressure 
ventilation to check for any leak in the pleura. If a leak is detected, a chest tube 
should be placed intra-operatively to prevent a pneumothorax post-operatively [ 49 ]. 

 Although early reports of scapulopexy and scapulothoracic arthrodesis indicated 
that there were minimal complications with these procedures, more recent reports 
have shown that complication rates are higher than previously indicated. Goel et al. 
reported a 50% complication rate overall after scapulothoracic arthrodesis in 12 
shoulders [ 49 ]. Intra-operative complications include pleural tear, pneumothorax, and 
hemothorax [ 49 ,  52 ,  53 ,  55 ,  58 ]. Brachial plexus palsy has been reported infrequently, 
but can be a devastating complication [ 47 ,  57 ,  59 ]. In scapulothoracic arthrodesis, 
non-union rates have been reported as frequently as 15–17% [ 47 – 49 ,  53 ,  55 ]. Most 
authors do not obtain routine post-operative CT scans on patients to evaluate for bony 
fusion, so the reported non-union rates are refl ective of painful pseudoarthroses. It is 
possible that routine CT evaluation of patients at 6 or 12 months post-operatively 
would demonstrate a slightly higher nonunion rate than what is currently recorded in 
the literature. Rib and scapula fractures intra- operatively as well as rib stress fractures 
post-operatively have also been reported [ 53 ,  55 ,  58 ]. Post-operatively, painful hard-
ware has been reported and studies have shown up to a 50% return to surgery rate for 
removal of hardware after arthrodesis is confi rmed through imaging [ 49 ]. 

 Early reports of both scapulopexy and scapulothoracic arthrodesis did not rou-
tinely analyze the effects that these procedures had on a patient’s pulmonary function. 
However, more recent studies include the effects that these surgeries have on patients’ 
pulmonary function tests immediately after the procedure and during follow- up. 
Studies show that there are usually mild losses in FEV1 and forced vital capacity 
after unilateral scapulothoracic arthrodesis, but more signifi cant decline can be seen 
after bilateral surgeries [ 44 ,  47 ,  48 ,  50 ,  54 ,  55 ,  58 ]. However, there are isolated reports 
of signifi cant decline in pulmonary function after unilateral surgeries [ 58 ]. 

 Patients with FSHD do not generally require operative intervention for the lower 
extremities or the spine. If tibialis anterior and/or peroneal weakness develops, 
patients may develop a fl exible equinus or equinovarus foot position. This usually 
responds well to bracing with ankle-foot orthoses. If the deformity becomes rigid, 
the patient could undergo an intramuscular lengthening [ 33 ,  56 ]. Scoliosis is rare in 
patients with facioscapulohumeral dystrophy. If a curve greater than 40–50° devel-
ops, it should be managed following the same principles that one would use to 
 manage adolescent idiopathic scoliosis [ 56 ]. Patients often develop hyperlordosis 
and, if severe, this can be managed with an orthosis. However, an orthosis may 
interfere with the patient’s ability to ambulate, as hyperlordosis allows the patient to 
compensate for progressive hip extensor weakness [ 56 ].   

    Infantile Facioscapulohumeral Muscular Dystrophy 

 Infantile facioscapulohumeral muscular dystrophy (iFSHD) has become increasingly 
recognized as a related but distinct disease process over the past several decades [ 31 , 
 32 ,  56 ,  60 – 63 ]. Although molecular evaluation has shown that the same gene is 
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affected as in adolescent facioscapulohumeral dystrophy, the disease course is more 
rapid and clinically this mirrors more severe MDs, such as Duchenne [ 61 ]. Infants 
usually develop facial diplegia [ 62 ]. Children begin walking at a normal age, but they 
rapidly develop pelvic girdle weakness. Children can have a positive Gower’s sign 
and demonstrate signifi cant hip extensor weakness on exam. They develop marked, 
severe hyperlordosis and use their hands to help stabilize their hip extensors while 
standing and walking, which is a near pathognomonic sign of this disease [ 63 ]. An 
equinus foot position develops, usually as a compensatory measure for quadriceps 
and tibialis anterior weakness. Patients develop shoulder girdle weakness, but unlike 
their adolescent and adult counterparts, it is the pelvic girdle weakness that dictates 
treatment in these patients. 

 The overall treatment goal for patients with iFSHD is to preserve function. 
Although hyperlordosis is severe, these patients do not respond well to bracing and 
use of orthoses should be limited. The hyperlordosis is a compensatory develop-
ment, meant to counter the severe hip extensor weakness in these patients. Correcting 
the hyperlordosis with a brace or with surgery can actually inhibit ambulation 
because the patient can no longer compensate for their pelvic girdle weakness 
[ 33 ,  63 ]. Similarly, the equinus foot position is also a compensatory measure. Most 
children respond well to ankle-foot orthoses or knee-ankle-foot orthoses, but on the 
rare occasion when a patient develops a rigid equinovarus foot position, an intra-
muscular lengthening could be considered [ 33 ,  63 ]. 

 Most patients lose the ability to ambulate by the second or third decade [ 60 – 62 ]. 
If the hyperlordosis is severe at that point, one could consider either bracing or sur-
gical intervention to improve the patient’s ability to sit in a wheel chair [ 33 ]. The 
shoulder girdle weakness is typically not a limiting condition for these patients 
because their spine and lower extremity conditions tend to be more severe. If the 
shoulder girdle weakness does interfere signifi cantly with daily function, scapular 
stabilization can be considered. Scapulopexy is favored over scapulorthoracic 
arthrodesis in these settings because it allows immediate shoulder range of motion, 
there is no post-operative immobilization, and the procedure has less of an effect on 
pulmonary function, which is signifi cantly more limited in patients with infantile 
facioscapulohumeral dystrophy. Scapular stabilization is not routinely performed in 
these patients because their disease course is so rapid, and the patients lose function 
in their upper extremities so quickly that the surgical benefi ts would not outweigh 
surgical risks to make the procedure worthwhile [ 32 ].  

    Limb-Girdle Muscular Dystrophy 

 Limb-girdle muscular dystrophy (LGMD) encompasses an increasing number of 
diseases that cause proximal muscle weakness, especially of the shoulders, pelvic 
region, and thighs. Due to the heterogeneity of this diagnosis, specifi c recommenda-
tions should be tailored to the genetically diagnosed disease. This section’s brevity 
refl ects the diffi culty in recommending orthopaedic management for this group of 
diseases as they all present varying clinical phenotypes. 
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    Non-operative Management 

 LGMD is a general diagnosis that encompasses at least 16 genetically distinct 
 disease processes [ 32 ]. As such, the manifestations of the disease can vary signifi -
cantly from one patient to another, depending on the underlying genetic abnormal-
ity. Overall, symptoms and disease progression mimic that of BMD. Most treatment 
is supportive and includes physical therapy and orthoses to maximize muscle 
strength and prevent contracture formation [ 64 ,  65 ].  

    Operative Management 

 Surgical indications are similar to those utilized for BMD [ 31 ]. Unlike patients with 
DMD, scoliosis does not develop in most patients with LGMD. Patients who do 
develop scoliosis also generally have mild curves that do not require surgical inter-
vention [ 32 ,  33 ].      
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    Chapter 10   
 Global Regulatory Landscape 

             Raymond     A.     Huml     

            Introduction 

 To address the best way to study potential treatments for muscular dystrophy (MD), 
the International Conference on Harmonization (ICH) communities have responded 
by issuing draft guidance in Europe, although not as fully or completely as patients, 
caregivers, or healthcare providers would like. The situation has similarities to 
that for biosimilars, where the European Union is ahead of the U.S. with regard to 
specifi c regulatory guidance. The European Medicines Agency (EMA) issued a 
concept paper in 2011 and, in early 2013, draft guidance for treatments related to 
DMD and BMD. 

 As of April 17, 2015, there are no disease-modifying products approved for the 
treatment of MD, but that situation may soon change. On May 23, 2014, reversing 
an earlier rejection, the EU Committee for Medicinal Products for Human Use 
(CHMP) recommended early (conditional) approval for PTC Therapeutics’ ataluren 
(Translarna™), a potential treatment for DMD. CHMP initially refused approval 
because the product failed to signifi cantly improve DMD patients’ scores on a six-
minute walk test compared with placebo. During re-examination, the CHMP took 
the view that there was some evidence of effectiveness when the drug was used at a 
dose of 40 mg/kg/day and that the mechanism of action for this effectiveness was 
plausible [ 1 ,  2 ]. 

 If the European Commission supports this decision (and it usually follows the 
advice of the CHMP), ataluren would be the fi rst product approved, albeit condi-
tionally, for MD—until the fi nal Phase III data are available. If the clinical data 
for that trial are robust, the conditional approval can be expected to turn into full 
approval. 

        R.  A.   Huml ,  M.S., D.V.M., R.A.C.      (*) 
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 The U.S., on the other hand, appears to be relying on programs already in 
place to address the issues related to the potential treatment of MD, and no MD 
products have been recommended for approval. In 2013, when the U.S. Food 
and Drug Administration (FDA) addressed concerns from patient advocacy 
groups such as the Muscular Dystrophy Association (MDA), it cited existing 
programs to address the lack of  specifi c MD regulatory guidance in the U.S. 
Programs specifi cally discussed included Fast Track Designation, Breakthrough 
Therapy Designation, Accelerated Approval, and Priority Review [ 3 ]. 

 The FDA’s reluctance to develop specifi c guidelines for MD research is, appar-
ently, not acceptable to caregiver and patient communities. Take for example, Parent 
Project Muscular Dystrophy (PPMD), which, in conjunction with other stakehold-
ers, submitted the fi rst-ever patient advocacy-initiated draft guidance to the FDA to 
help accelerate development and review of potential treatments for DMD [ 4 ]. 

 This chapter provides an overview of the budding regulatory landscape for the 
treatment of MD in the EU and argues for more-detailed U.S. FDA guidance, even 
if it means reaching out to advocacy groups to include regulatory guidance for non- 
Duchenne types of MD.  

    EU Regulatory Guidance 

 New perspectives have emerged for future therapeutic options in DMD and 
BMD. The increasing numbers of clinical trials that recruit the rather small number 
of patients for these progressive disorders have raised several issues, including their 
study design, the choice of appropriate effi cacy endpoints in general, and the defi ni-
tion of reliable surrogate outcome measures, as well as the need for subgroup analy-
ses with respect to this heterogeneous patient population and the duration of the 
trials (e.g., long-term treatment goals). 

 As most cases of DMD have an onset in early childhood, while the onset of BMD 
covers a broader age spectrum, specifi c diffi culties have been identifi ed that pertain 
to diagnostic criteria, age- and stage-related clinical relevance, and various safety 
aspects. 

 The EU is ahead of other ICH regions regarding issuance of regulatory guidance 
for treatments for MD. For example, EMA published a draft guideline entitled 
 Guideline on the Clinical Investigation of Medicinal Products for the Treatment of 
Duchenne and Becker Muscular Dystrophy  [ 5 ] that has been adopted by the CHMP 
and was released on February 21, 2013. 

 The draft guideline was the direct result of an EMA-issued concept paper entitled, 
 Concept Paper on the Need for a Guideline on the Treatment of Duchenne and Becker 
Muscular Dystrophy , which was released for consultation on June 23, 2011 [ 6 ]. 

 An overview of regulatory guidance addressing MD-specifi c drug development 
issued by EMA is provided in Table  10.1 .

   The draft version of the guideline was intended to provide guidance for the eval-
uation of medicinal products in the treatment of these diseases, including study 
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design, choice of appropriate effi cacy endpoints, and defi nition of reliable surrogate 
outcome measures. 

 The scope of the guideline is limited to DMD, the most severe form of MD, and 
the milder version, BMD. Other neuromuscular diseases, such as FSHD, are cur-
rently outside the scope of this guideline. 

 Highlights of the document are described below. These include factors related to 
study design:

    1.    Outcomes that refl ect improvement in symptoms and in disability in affected 
patients (maintenance of muscle strength and function, prevention of damage to 
non-muscular target organs [such as the lung, heart, and eyes], orthopedic cor-
rections, and physiotherapeutic interventions).   

   2.    In confi rmatory trials, the effi cacy and safety of the product should be studied in 
the full range of patients that the investigational product is intended to treat.   

   3.    Confi rmatory trials to show symptom or disability improvement should be ran-
domized, double-blind, parallel group, and possibly placebo-controlled.   

   4.    Trials investigating symptomatic treatment should last at least three months; tri-
als to show an improvement in disability, at least six months.     

 The document also examines the choice of appropriate effi cacy endpoints:

    1.    For patients without a confi rmed genetic diagnosis, a combination of clinical 
symptoms, family history, elevated creatine kinase (CK) concentration, mag-
netic resonance imaging (MRI), and muscle biopsy is considered suffi cient for a 
diagnosis, but it is not suffi cient for inclusion in clinical trials in which potential 
medicinal products targeting certain type of genetic defects are investigated.   

   2.    Effi cacy: the objectives of the study should be well-defi ned according to the 
expected stage- and age-related improvement in certain types of symptom 
domains (e.g., walking, daily functioning, maintaining ambulant state, use of 
upper limb in non-ambulant subjects, and overall survival).   

   3.    Muscle strength should be evaluated by clinical assessment using a validated 
tool.     

   Table 10.1    EMA-issued regulatory guidance specifi cally for the treatment of MD   

 Document  Reference number  Publication date 

 Concept paper on the need 
for a guideline on the 
treatment of Duchenne 
and Becker muscular 
dystrophy 

 EMA/CHMP/CNSWP/
236981/2011 

 – Adoption by CHMP for release 
for consultation June 23, 2011 

 – End of consultation (deadline for 
comments) September 30, 2011 

 (Draft) guideline on the 
clinical investigation of 
medicinal products for 
the treatment of Duchenne 
and Becker muscular 
dystrophy 

 EMA/CHMP/
236981/2011 

 – Adoption by CHMP for release 
for consultation February 21, 2013 

 – End of consultation (deadline for 
comments) August 31, 2013 
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 The document also provides a defi nition of reliable surrogate outcome measures:

    1.    Modifi cations of the natural course of the disease (which causes continued mus-
cular weakness) or increasing survival (clinically, a sustained effect on disability 
progression has to be shown).   

   2.    Improvement in motor function could be achieved by correcting or counter- 
acting the underlying genetic defect, by increasing muscle growth and regenera-
tion, or by modulating infl ammatory responses.      

   U.S. Regulatory Guidance 

 Although no formal guidance related to treatments for MD has been issued in the 
U.S. (at the time this chapter was written), several notable milestones have been 
reached, edging the U.S. closer to releasing formal regulatory guidance. Consider 
the following: 

 Six FDA offi cers published an article addressing issues associated with DMD 
drug development. See the paper by McNeil and colleagues for additional details [ 7 ]. 

 FDA’s Offi ce of Orphan Products Development (OOPD) has provided grant 
funding to support two studies of products to treat DMD and has granted orphan 
designation to 15 products for the treatment of DMD [ 8 ]. 

 A webinar aimed at increasing dialogue between patient advocacy groups and 
FDA and entitled, “Accelerated Approval–Duchenne Disease,” was presented by 
Robert Temple, MD, deputy center director for Clinical Science, Center for Drug 
Evaluation and Research, on February 20, 2013 [ 9 ]. Temple cited 21 CFR 312.80 
(Subpart E) of 1988 Investigational New Drug (IND) registration for “serious and 
life-threatening diseases” and then discussed four pathways that could be leveraged 
for the study of treatments for MD: (1) Fast Track Designation, (2) Breakthrough 
Therapy Designation, (3) Accelerated Approval, and (4) Priority Review. These 
four pathways, it should be noted, are not specifi c for MD. 

 Examples of FDA’s use of existing pathways over the last three years include 
granting orphan drug status to Acceleron Pharma’s ACE-031 (August 2010) [ 10 ] 
and Breakthrough Therapy Designation to Prosensa for drisapersen (June 2013) 
[ 11 ]. Prosensa regained the rights to drisapersen from GSK in January 2014 [ 12 ]. 

 However, even though the FDA has not yet issued specifi c guidance for MD 
treatments, the agency appears to be willing to accept assistance from others—espe-
cially given the rarity of the disease and paucity of clinical trial data collected to 
date. In a letter dated June 25, 2014, from Pat Long, President of PPMD, to FDA’s 
Dr. Janet Woodcock, the group announced that it had met as a forum with the FDA 
on December 12, 2013 and concluded with an agreement that the Duchenne com-
munity, led by the PPMD, would develop the fi rst draft guidance on Duchenne for 
industry. 

 The draft guidance, titled,  Guidance for Industry :  Duchenne Muscular Dystrophy , 
 Developing Drugs for Treatment over the Spectrum of Disease,  is unprecedented 
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since, to the author’s knowledge, the FDA has not, to date, accepted input from 
advocacy groups with the goal of issuing guidance to industry. Indeed, in a PR 
Newswire news release titled, “First-Ever Patient Initiated ‘Guidance for Industry’ 
for Duchenne Muscular Dystrophy,” the PPMD President is quoted as saying: “This 
landmark guidance represents a major milestone for the Duchenne community and 
may open the way for other rare disease groups to incorporate the patient perspec-
tive in a well-documented and quantifi able way.” In the panel on Page 1 of the guid-
ance, the fi rst line states, “This draft guidance represents the fi rst FDA guidance 
initially composed by a disease community, with input from industry, sponsors, 
academia and the DMD patient community.” 

 Written in a form similar to historical draft FDA guidances, the DMD document 
was written to help accelerate the development and review of potential therapies for 
Duchenne MD. 

 As acknowledged by the members and subcommittees who wrote the Guidance 
for Industry, it is possible that the Agency may choose not to formally adopt all or 
part of the proposed guidance in the future. However, since there is no other offi -
cial guidance in the U.S. and some of the DMD-specifi c material is already cov-
ered in the EU draft guidance, a summary of the PPMD document is highlighted 
below, noting the sections that may have signifi cance and relevance for the other 
types of MD.  

    PPMD/U.S. Issued Guidance for Industry 

 Caregiver tolerance to risk “does not mean fl exibility with regard to whether a trial’s 
fi ndings are statistically signifi cant,” PPMD said in its cover letter to the guidance [ 13 ].

  Rather, the fl exibility we are seeking may concern where the line is drawn as to whether an 
intermediate clinical endpoint is clinically meaningful, whether post-hoc analyses can sup-
port an NDA [New Drug Application] or whether a less-than-precise biomarker is reason-
ably likely to produce clinical benefi t. 

 “Families affected by Duchenne often feel as if the FDA is an untouchable and unreach-
able group of professionals tasked with making critical decisions on potential drugs,” the 
letter states. “Consequently, the community has been advocating that the FDA be more 
fl exible in its review of rare and progressive diseases like Duchenne and to decrease the 
time and cost of conducting those trials for companies engaged in or considering trials for 
potential therapies for Duchenne… given some of the recent delays.” 

   It will be interesting to see the potential effect of the PPMD guidance should an 
NDA for Sarepta’s eteplirsen for Duchenne MD be submitted to FDA, a step planned 
for mid 2015 [ 14 ]. 

 The proposed guidance is divided into the following areas aimed at overcoming 
challenges in trial design and implementation:

•    Benefi t–Risk Assessment: This section takes the position that clinical trial spon-
sors should engage with the patient advocacy community from the start of drug 
development to understand “that meaningful benefi t risk tolerance and acceptable 
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trade-offs may vary across clinical subtypes, across disease progression status, or 
as a consequence of preference heterogeneity across patients, parents and care-
givers.” A recent survey published in  Clinical Therapeutics  [ 15 ] provides new 
insights into caregiver perspectives on benefi ts and risks of emerging therapies 
for DMD, the most common form of the disease. The survey, carried out by 
researchers from the PPMD and Johns Hopkins Bloomberg School of Public 
Health, found that “caregivers were willing to accept a serious risk when  balanced 
with a noncurative treatment, even absent improvement in life span.” A total of 
119 DMD caregivers completed the online survey, which used best–worst scaling. 
Six relevant and understandable attributes describing potential benefi ts and risks 
of emerging DMD therapies were identifi ed through engagement with advocates, 
clinicians, pharmaceutical companies, academic centers, and other stakeholders. 
The attributes were: muscle function, life span, knowledge about the drug, nau-
sea, risk of bleeds, and risk of arrhythmia. Treatment effect on muscle function 
was rated as the most important experimental attribute (28.7%), followed by risk 
of heart arrhythmia (22.4%) and risk of bleeding (21.2%). Having additional 
post-approval data was relatively the least important attribute (2.3%). The authors 
emphasized that “these preferences should inform the FDA’s benefi t–risk assess-
ment of emerging DMD therapies.”  

•   Diagnosis: This section refers sponsors to guidance from the American Academy 
of Pediatrics on a diagnostic algorithm. It notes the characteristic diagnostic 
delay with DMD and the importance of genetic analysis, including access to 
genetic testing.  

•   Natural History: This characterizes the clinical course of DMD, including details 
of scientifi c consensus on tools, instruments, and outcome measures.  

•   Clinical Trial Designs, Outcome Measures, and Considerations: This section 
underscores the need for trials to include patients of all ages and disease stages 
where possible.  

•   Biomarkers: This examines the role of biomarkers in DMD clinical trials, 
including:

 –    Muscle Biopsy-Based Biomarkers: Considerations when performing muscle 
biopsies include the ethical imperative to perform them only when needed 
and to take precautions to ensure usable specimens. This section includes an 
examination of international efforts to standardize methodologies and emerg-
ing technologies.  

 –   Non-Muscle Biopsy-Based Biomarkers: This explores the potential for non-
invasive imaging techniques to replace biopsies, such as MRI/MRS skeletal 
muscle imaging, with the ultimate goal of using these as a surrogate endpoint 
for treatment trials.       

 Just as important for other types of MDs, the cover letter notes that there are criti-
cal unmet medical needs across the entire spectrum of the disease—at all ages, 
stages, and in each subpopulation. 

 The cover letter notes the importance of time to diagnosis, which for DMD, can 
take parents years to get a diagnosis for their child. They note that this reduces the 
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number of young patients who could be enrolled in clinical trials at a stage of the 
disease when they might be able to most likely benefi t and recommend routine new-
born screening to help resolve this issue. 

 Specifi c for clinical trials, and important for patients with other types of MD, the 
cover letter highlights several important clinical trial considerations, highlighted 
below:

•    Include all ages to whatever degree possible.  
•   Move away from placebo-controlled trials or use trial designs that minimize 

exposure to placebo.  
•   Sponsors to address co-morbid conditions which may become exacerbated if 

new therapies do help prolong life and function.  
•   Flexibility in the interpretation of post-hoc statistical analysis, especially for rare 

diseases.  
•   Provide families with access to individual data (for their child/patient).  
•   Sponsors are expected to provide Informed Consent that covers:

 –    Whether the company has a policy on pre-approval compassionate use (and/
or plans for expanded access programs) and if one child with MD in a family 
has access to the treatment, to allow other family members access as well.  

 –   What that policy is.  
 –   What the expectation is about expanding into an extension phase of the study 

after a trial is done and if there are positive results.     

•   Sponsors are encouraged to make trials more patient-friendly—especially for 
non-ambulatory patients with limited mobility—including trials or parts of trials 
closer to home.     

    Specifi c Notes from the PPMD Guidance Applicable 
to All Types of MD 

 The PPMD Guidance includes the following notes that apply to all types of MD:

•    DMD, like other types of MD, has known inherited features and the existence of 
de novo mutations which cause the phenotype of the disease.  

•   DMD, like other types of MD, is rare, and advancement and new treatments 
depends on patient advocacy groups to represent the views of its patients and 
caregivers.  

•   At the time of writing, there are no MD-specifi c therapies approved in the U.S.  
•   Need to incorporate the perspectives of patients and their families via conjoint 

analysis—a broad class of methods that includes discrete-choice experiments.  
•   Sponsors should explore risk-mitigation strategies and patient/caregiver prefer-

ences for these strategies.  
•   Sponsors should anticipate that appraisals of benefi t/risk will change over time 

due to disease and non-disease-related factors and available treatment options.  
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•   The certainty of disease progression without treatment should be included as a 
compelling harm in the benefi t–risk assessment.  

•   Patients screened with older techniques may need to be re-tested in order to more 
accurately characterize their mutations (as entry criteria for potential clinical 
trials).  

•   Sponsors should be aware that a molecular diagnosis is not the same as a clinical 
diagnosis and does not, with a 100% certainty, determine phenotype.  

•   The natural history of certain types of MD is much better characterized today 
than 10–20 years ago, as a consequence of patient registries, natural history stud-
ies, and data drawn from the placebo arms of industry trials.  

•   After MD patients can no longer walk, there is continued muscular deterioration 
throughout the upper and lower limbs, and skeletal deformities such as limb 
contractures and spine deformity may become problematic.  

•   Maintaining computer access is a critical quality of life concern.  
•   Most lower limb and upper limb contractures occur subsequent to the loss of 

ambulation.  
•   Many development scales require formal training and certifi cation on the part of 

the clinical investigator.  
•   “Time to run/walk 10 m” is predictive of future loss of ambulation.  
•   The six minute walk test has been the most commonly used primary out-

come measure in DMD clinical development programs.  
•   MRI is the modality of choice when high resolution/high contrast images of 

skeletal tissue are demanded. MRI is a non-ionizing/noninvasive technique.     

    Heterogeneity in Disease Progression 

 Muscle disease progression, as noted elsewhere, is variable, even within families. 
To address these differences, the following suggestions were made to account for 
heterogeneity in disease progression:

•    The goal of therapeutics in MD is to slow or stabilize disease progression in 
comparison to that expected by natural history.  

•   Some variability in future progression is explained on the basis of disease sever-
ity, stage of disease, and known natural history.  

•   Sponsors should take care to prevent an imbalance in the ages of study partici-
pants, which can introduce substantial variability into a trial.  

•   Control and treatment arms in clinical trials should be appropriately matched by 
age and functional status.  

•   Clinical trials of treatments that are not mutation-specifi c should collect appro-
priate samples for full genetic analysis.  

•   Need to establish adequate, reliable, and well-matched natural history controls to 
account for known causes in variability.     
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    Treatment Effects by Muscle Group 

 Treatment effects may vary by muscle group depending upon (1) the stage of 
disease, (2) the differential rate of progression of each muscle group in that stage, 
(3) the muscle fi ber type, (4) the drug’s mechanism of action, (5) the bio-distribu-
tion of the drug to different tissues and muscle fi ber types, (6) the route of adminis-
tration, and (7) the medical addressability of the disease itself—there may be a point 
where a muscle has deteriorated beyond the possibility of responding to therapy.  

    Gaps in Data 

 Some notable gaps in performing clinical DMD clinical trials were highlighted, 
which may have ramifi cations for treatments for other types of MD, and include the 
following:

•    At present, there is no single instrument that can measure clinical outcomes and 
is equally sensitive to change across the entire spectrum of DMD over the course 
of a 6–18 months study.  

•   The non-ambulant population needs validated outcome measures for future ther-
apeutic trials.  

•   A number of patient-reported outcomes (PROs) in DMD have been used or are 
being evaluated, but none has been validated.  

•   Although the PPMD group would like to move away from placebo-controlled 
trials, in favor of natural history matched controls, the document mentions that 
“the likelihood for results that are diffi cult to interpret with using natural history 
controls is substantially greater than in randomized placebo controlled trials.”  

•   All biomarkers for use in DMD trials (as mentioned in the guidance) are 
exploratory.     

    Summary 

 With scientifi c and clinical advances, it is becoming more commercially desirable 
to investigate new treatments for MD. Since MD can exist in many forms and mani-
fests itself in a heterogenous manner, new treatments have been elusive. Because 
MD can be life threatening, new treatments, especially those that can be disease 
modifying (slowing down or halting disease progression) or curative (restoring 
 normal function), are desperately needed. 

 Progress is being made toward the issuance of regulatory guidance in ICH coun-
tries for drug development for certain types of MD. The EU leads the pack with 
draft guidance issued in 2013 for DMD and BMD. While still early days, it appears 
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that additional guidance will eventually be issued for the other forms of MD in order 
to de-risk programs and make it easier for drug developers to invest in new 
treatments. 

 At present, it appears the U.S. is taking a conservative approach, relying on its 
current programs that can be tweaked to help sponsors of products for the treatment 
of MD launch these on the U.S. market, but in an unprecedented move, solicited the 
fi rst-ever draft guidance for industry written on behalf of a patient advocacy group 
with a focus on DMD. As acknowledged by the members and subcommittees who 
wrote the (DMD specifi c) Guidance for Industry, it is possible that the Agency may 
choose not to formally adopt all or part of the proposed guidance in the future. Since 
there is no other offi cial guidance in the U.S., the PPMD document serves as a prec-
edent for other types of MDs. 

 This trend for increasing collaboration between FDA and outside groups is con-
fi rmed in a July 2014 agency report titled,  Complex Issues in Developing Drugs and 
Biological Products for Rare Diseases and Accelerating the Development of 
Therapies for Pediatric Rare Diseases  [ 16 ]. The report covers MD from the per-
spective of available biomarkers and clinical outcome assessments [ 17 ]. It states 
FDA is working with external stakeholders to further develop the use of dystrophin 
as a biomarker for use in clinical trials of children with DMD. 

 It is unclear when or if U.S. guidance for the other forms of MD will be issued 
or if other patient advocacy groups will promulgate guidance in conjunction with 
the FDA. 

 Lack of formal U.S. guidance will add risk to sponsors’ clinical drug develop-
ment programs for the treatment of MD in the U.S. and may act as a disincentive to 
investment in potential new treatments. If adopted, the PPMD draft guidance could 
 represent a step forward in de-risking this area for sponsors. The PPMD document 
also serves as a precedent for other groups as its contents, in common with those of 
the EU-sponsored guidance, overlap with other types of MD.     
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    Chapter 11   
 Key Challenges to the Approval of Products 
to Treat Patients with Muscular Dystrophy 

             Raymond     A.     Huml     

            Introduction 

    Although the fi rst product for muscular dystrophy (MD) has been tentatively 
approved in Europe (for DMD), signifi cant hurdles—including the identifi cation of 
patients for clinical trials and the need to better understand the natural history of 
disease progression—remain to gaining regulatory approval of products to treat all 
patients with MD. Unfortunately, no MD products have yet been approved in the U.S. 

 The most progress has been made in DMD/BMD and the promulgation of regu-
latory guidance started in the EU in 2011. Regulatory advice is available in the EU 
for sponsors and investors in DMD/BMD clinical trials, which may help sponsors 
of products to treat other types of MD in the U.S. The U.S. is currently relying on 
programs already in place to advance products for rare diseases, including MD, and, 
in an unprecedented move, the FDA encouraged a patient advocacy group to submit 
draft guidance to help guide sponsors of MD products and decrease the risks associ-
ated with MD drug development. 

 Despite the challenges, substantial progress has been made and there are a num-
ber of late stage candidates in clinical development primarily for DMD (see Chapter 
  12     for a discussion of pharmaceutical products as potential treatments for patient 
with MD). Much more work is desperately needed to address the other eight types 
of MD. 

 Many people are not aware that MD is actually a group of diseases with different 
clinical manifestations and marked variance in progression, even within families and 
between siblings. The author has met multiple physicians and residents who have 
never seen a patient with FSHD or have only ever seen one or just a few patients with 
some type of MD. In addition, most of the types of MDs (e.g., oculopharyngeal MD 
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and facioscapulohumeral MD) have very diffi cult names to pronounce and generally 
require an explanation to other family members, as well as healthcare providers 
(e.g., physician assistants), diagnostic technicians (e.g., x-ray technicians), and 
caregivers. 

 This lack of education and clinical awareness makes it diffi cult to discuss, much 
less manage, some of the risks associated with the clinical development and the 
capital required to develop products for the treatment of MD. This book is one small 
step towards narrowing this awareness gap. 

 The key challenges associated with the approval of products to treat patients with 
MD revolve around the science, which translates into therapeutic targets, and later 
to animal models of disease, and then to clinical trials in humans. 

 Natural history studies are required to understand the progression of the disease 
in groups or individuals with the disease. Once a long time-frame has been studied 
(e.g., >20 years), one can get an idea of the progression seen in a group of patients 
with a particular type of MD. Scientists who deem it unethical to study patients with 
MD using a placebo comparator arm (in case the drug is effective) may wish to 
study an investigational drug vs. the natural history progression to understand if 
disease progress is delayed or halted (by a disease-modifying therapy) or even bet-
ter, reversed (a cure). Natural history studies are slowly being accomplished for MD 
types such as DMD and BMD, but less so for other types of MD. See Chapter   12     for 
additional details. 

 As the properties of an investigational drug become better known—usually 
through laboratory and animal experiments (during the preclinical phase of drug 
development)—scientists can develop and test theories to see if they can alter 
(upregulate, downregulate, or block) a biochemical pathway that might infl uence 
the disease in humans. 

 This chapter will begin with a discussion of two recently approved FDA docu-
ments (see Table  11.1 ), which provide the greatest amount of insight into MD drug 
development in the U.S., and end with a discussion of other considerations not 
included in the two regulatory documents. Interested readers (patients, caregivers, 
investors, drug developers) are encouraged to read both FDA documents in their 
entirety. One document, focused on rare diseases, was produced as a requirement of 
the FDA Safety and Innovation Act (Section 510 and PDUFA Performance Goals 

   Table 11.1    Key FDA documents providing insights into MD clinical drug development in the U.S.   

 Name of document  Date released 

  Report :  complex issues in developing drugs and biological products for rare 
diseases and accelerating the development of therapies for pediatric rare 
diseases including strategic plan :  accelerating the development of therapies for 
pediatric rare diseases  

 July 2014 

  Guidance for Industry ,  Duchenne muscular dystrophy ,  developing drugs for the 
treatment over the spectrum of disease  prepared and submitted by Parent 
Project Muscular Dystrophy (PPMD) to the FDA 

 June 25, 
2014 
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Section IX.E.4) and is not specifi c to MD drug development; the other document is 
specifi c for MD, but is limited to DMD drug development.

   There are a number of key hurdles common to the approval of all potential 
 products to treat MD, either as a rare disease or as a form of MD, that can benefi t 
from the advancement in DMD/BMD clinical drug development. To facilitate dis-
cussion of these hurdles, the fi rst document, highlighting rare diseases, will be dis-
cussed, followed by a discussion of the Parent Project Muscular Dystrophy (PPMD) 
document, highlighting challenges that may have a wider applicability to non-DMD 
types of MD. 

 FDA’s report and strategic plan on the complex issues in developing drugs and 
biological products for rare diseases is a useful backdrop for insights into this com-
plex problem. The report is the result of efforts that started in 2012 when the U.S. 
Congress passed the FDA  Safety and Innovation Act , which mandated holding a 
public meeting to encourage and accelerate the development of new therapies for 
pediatric rare disease as well as issuing a report that includes a strategic plan to 
address such therapies. The FDA held that meeting on January 6–8, 2014, for the 
Agency to solicit input from various stakeholders. The important issues that were 
discussed at the meeting included:

•    The need for more comprehensive information about the natural history of most 
rare diseases.  

•   The importance of public–private, public–public (interagency and intergovern-
mental), and international partnerships in providing resources and facilitating 
data collection.  

•   Recommendations for greater involvement and a more active role for patients 
and caregivers in therapeutic product development.  

•   The invaluable contribution of advocacy groups in the development process to 
educate and recruit patients, and to assist in endpoint selection.  

•   The concept that patients’ and families’ willingness to accept risk for participa-
tion in clinical trials, and for adopting new therapies, may be greater for those 
affected by serious and life-threatening rare diseases.  

•   Methods to overcome the challenges of trial design, such as fl exible drug devel-
opment programs, adaptive trial designs, enrichment strategies, and master 
protocols.  

•   Endpoint development and acceptance for use in registration trials (e.g., patient 
reported outcomes and surrogates).  

•   The ways in which benefi t–risk assessments guide regulatory decision making.    

 Several important issues were raised that fell outside of the FDA’s jurisdiction, 
including issues dealing with reimbursement and the governance and management 
of patient registries. The reimbursement topic, while critically important to families 
with MD, is beyond the scope of this chapter. Patient registries are further discussed 
in Chapter   14    . 

 Highlights of the FDA Report [ 1 ], as pertinent to MD, are provided below. Key 
hurdles and challenges are highlighted in  italics .  
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    Clinical Trial Design Issues 

 According to the report, and many researchers, to effectively study drugs that can be 
used to treat a disease, researchers must fully understand the disease’s natural his-
tory, the term used to describe how a disease would evolve if no treatment were 
given. 

  At present, the natural history of all nine types of MD is not fully known. Given 
the wide variation between the various types of MD ,  this issue is problematic . 

 The organization of natural history studies and disease registries is needed. 
  At present, these studies and registries are not standardized, transparent, nor 

compatible regarding data collection among multiple database holders . 
  There is no consensus on how to determine endpoints for clinical trials that are 

clinically meaningful to patients with rare diseases . 
 It was suggested at the FDA meeting that patient advocacy groups could be hubs 

for data collection and could help facilitate development of patient-reported out-
comes for patients with specifi c diseases. Other sources could include published 
case studies, cross-sectional analyses, and prospective longitudinal natural history 
studies with information on phenotypic and genotypic characteristics of the disease, 
available biomarkers, and clinical manifestations. 

  According the FDA report ,  the greatest challenge in designing and interpreting 
clinical trials in rare diseases is the small numbers of patients available for clini-
cal studies . Such small numbers of patients, if studied using conventional study 
design, are often unable to generate enough data to establish the effi cacy and safety 
of the drug. Compounding this challenge is the fact that the few patients who are 
available for the study may exhibit varying signs of the disease or react to medica-
tions intended to treat their condition in different ways. New methods to address 
these challenges include various crossover designs, and use of historical control 
studies and enrichment strategies.  

    The Benefi t–Risk Assessment 

 It was acknowledged that patients, physicians, and regulators are willing to accept 
greater risks when dealing with serious diseases, and that the FDA promotes trans-
parency in informing patients through informed consent and appropriate product 
labeling once the product is approved. 

 Risk tolerance would be expected to change as more treatments became available 
for a particular condition. 

 Parents from both the panel and the audience agreed that delaying disease pro-
gression in order to give their child a more fulfi lling childhood experience would be 
benefi cial. The uncertainty of the level of risk of an experimental intervention in 
order to delay disease progression was contrasted with the certainty of progressive 
deterioration and death due to the disease in certain forms of MD. 
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 An important decision that is made when developing products for the treatment 
of rare pediatric diseases is whether there are suffi cient data to support giving an 
experimental product to a child. This decision becomes more critical in fi rst-in- 
human testing of a product for rare and life-threatening diseases with no known 
treatments. The panelists focused on three concepts that help to inform this deci-
sion: (1) the desired clinical benefi t; (2) the probability and nature of the harms (i.e., 
risks) that may be acceptable to attain those benefi ts; and (3) the amount of uncer-
tainty about each that is tolerable. 

 The panelists agreed that when considering whether the risks of an experimental 
product are either “reasonable” or “justifi ed,” both the type of harm that the product 
might cause, and likelihood that the harm may occur should be considered.  There 
was consensus that patients ’  and families ’  attitudes about benefi t – risk should be 
solicited as part of the process ,  but it was acknowledged that these attitudes may 
change over time ,  with disease progression . Patient advocates noted that stabiliza-
tion may be seen as a reasonable benefi t, as opposed to the ideal of a cure, and that 
even the risks for certain harms may be acceptable given the potential for slowed 
progression of the disease.  

    Long-Term Safety Concerns 

 Because  clinical trials for rare disease therapies are often too small to defi nitively 
ascertain a drug ’ s complete safety profi le , for example, failing to reveal uncommon 
adverse events (AEs), it is important to perform long-term safety assessments (e.g., 
pharmacovigilance).  

    Patient Registries 

 A patient registry is a list or database of patient information that scientists and 
researchers can use to keep track of patients who have participated in clinical trials, 
including all relevant study information, to monitor potential long-term health 
effects of a given therapy and shape future clinical trials. 

 The report discussed the value of patient registries in moving clinical research 
forward. Patient registries can: (1) improve patient recruitment; (2) identify possible 
patient cohorts for study; (3) serve as a lead-in to natural history studies; (4) inte-
grate patient reported and clinical data from multiple sources into a single reposi-
tory; (5) stimulate new research and lead to new scientifi c insights; and (6) enhance 
creative data mining within and across disorders. When developing a new registry, 
the following should be taken into consideration: (1) the purpose of the registry; (2) 
the process of data (identifi ed and de-identifi ed) collection, management, and analy-
ses across multiple platforms; (3) the data curator’s role; (4) the type of informed 
consent needed (restricted or broad access); (5) Institutional Review Board and 
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Federal Information Security Management Act requirements; (6) data sources 
(patient, family, care-giver, and healthcare provider); (7) uses of common and 
unique data elements; and (8) options for data updates.  It is important to further 
develop partnerships and collaborations between stakeholders in the rare disease 
community , and to agree upon the use of common and unique data elements in order 
to contribute to the sharing of data. 

 In the context of addressing clinical trial hurdles, patient registries are another 
tool used to monitor outcomes in patients after the trial is complete. Patient regis-
tries allow for long-term follow-up of patients and can foster relationships among 
patients with rare diseases, their caregivers, healthcare providers, and drug develop-
ers. For additional information on patient registries, see Chapter   14    .  

    Dose Selection 

 Other clinical trial challenges include determining the adequate drug exposure 
(what doses to study and what duration of exposure to assess) and the appropriate 
size for a safety database. 

 The report suggested, with regard to dose selection, that clinical trials should 
assess the safety of a range of doses, rather than focusing on a single dose. 
Suggestions, by panelists interviewed in the report, were made for ways to explore 
the safety of doses (e.g., adaptive dose fi nding, and use of biomarkers in dose fi nd-
ing and dose response).  

    Gene Therapy 

 The spectrum of diseases for which gene transfers or therapies (hereafter referred to 
as gene therapies) may be used is wide-ranging. Since children potentially have 
many years of life ahead of them,  the issue of possible long-term permanent effects 
of gene therapy is critical . These issues include the need to address long-term safety 
risks for children and the requirement for long-term safety follow-up. This session 
focused on a discussion of the development of products with uncertainty regarding 
their long-term benefi ts and risks. 

 Gene therapy may provide the prospect of a cure or substantial amelioration of a 
condition after a single administration of the product.  Patients may also incur gene -
therapy  - related   harms ,  which may be prolonged or which may appear only after a 
long interval following treatment. For this reason ,  long-term follow - up is critical 
for gene therapy trials . The decision to participate in trials requiring long-term 
safety follow-up is based on the natural history of the disease, the stage of disease, 
and whether long-term follow-up is prohibitive. This decision is also dependent 
upon whether other treatment options exist.  
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    Statistical Considerations 

 Bayesian methods combine prior information, such as that gathered in previous trials 
on a related product or the same product on a different population, with current trial 
data on an endpoint of interest (e.g., an adverse event rate), in order to form conclu-
sions about the endpoint. Bayesian statistical methods can be used to make infer-
ences about rare diseases in pediatric populations.  Challenging issues with studying 
rare diseases in pediatric populations include dealing with small sample sizes and 
estimation of the occurrence of rare events . Bayesian methods can be used to over-
come these issues. They provide a way to learn from evidence as it accumulates. 

 A full discussion of biostatistics is beyond the scope of this book; however, addi-
tional details can be found in FDA’s fi nal guidance document on Bayesian statistics 
titled, Guidance for the Use of Bayesian Statistics in Medical Device Clinical Trials.  

    Lack of U.S. Regulatory Precedence 

 Common issues in drug development for rare diseases include the  small numbers of 
patients with the individual disease available for study ,  phenotypic heterogeneity , 
 and often ,  a lack of regulatory precedence. The lack of regulatory precedence often 
means there is a lack of accepted endpoints ,  outcome assessment measures ,  instru-
ments ,  and tools for the study of the disease . 

 FDA plans to issue guidance to facilitate understanding of these common rare 
disease issues. Although  there is no deliverable specifi c to pediatrics or MD associ-
ated with this document , some of the common issues in rare disease drug develop-
ment, such as the small numbers of patients available for study, are compounded 
when developing drugs for children. Therefore, FDA advice on managing these 
common issues should be helpful to developers of therapies for pediatric rare 
diseases.  

    Call for Additional Patient Participation 

 Patient participation in the process of drug development is important because they 
can provide the unique perspective on their disease, its effect on daily life, and the 
tolerability of currently available therapies. Through an understanding of the 
patients’ and their caregivers’ perspectives, developers can ensure that potential 
treatment effects on aspects of daily life that are important to patients are adequately 
captured in clinical trials. Further, this information can be helpful to FDA’s review 
of applications for new drugs, particularly when the impact of a disease on patients 
is not well understood or endpoints for studying drugs for a disease are not clearly 
defi ned or established. 
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 The  Patient-Focused Drug Development Program  provides a mechanism for 
obtaining patients’ and caregivers input on specifi c disease areas, and FDA has 
committed to examining 20 disease areas over fi ve years. Considerations in the 
selection process included disease areas:

•    That are chronic, symptomatic, or affect functioning and activities of daily living  
•   For which aspects of the disease are not formally captured in clinical trials  
•   For which there are currently no therapies or very few therapies, or the available 

therapies do not directly affect how a patient feels or functions.    

 For each disease area selected, the agency is conducting a public meeting to dis-
cuss the disease and its effect on patients’ daily lives, the types of treatment benefi ts 
that matter most to patients, and patients’ and caregivers’ perspectives on the ade-
quacy of available therapies. These meetings include participation of FDA review 
divisions, the relevant patient community, and other interested stakeholders.  

    PPMD Report 

 Additional insights into the complexities and hurdles to successfully conduct MD 
research can be gleaned from the PPMD-initiated FDA Guidance Document [ 2 ] on 
DMD/BMD, published July 2014, with key excerpts and thoughts summarized 
below.  

    Lack of Specifi c MD Regulatory Guidance 

 The fi rst hurdle, identifi ed on Page 2 of the PPMD report, is that—with the excep-
tion of their own guidance (which is subject to change, may or may not be approved 
by the FDA, and is focused only on DMD/BMD)—the  U.S. lacks specifi c guidance 
for the clinical development of treatments for any other type of MD . 

 In response to a lack of specifi c guidance in the U.S., the PPMD guidance dis-
cusses three regulatory pathways for expedited approval, in addition to traditional 
drug approval. 

 Please note that  these regulatory pathways are not unique to MD  and they are 
already established:

    1.    Priority review   
   2.    Accelerated approval   
   3.    Breakthrough or fast track    

  It should be noted that, like other U.S. guidance documents (and contrary to EU 
regulatory guidance, which does hold legal force), the  DMD guidance does not 
establish legally enforceable responsibilities . 
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 Although probably the best understood of the MDs, the natural history of DMD/
BMD is not 100% understood or fully charted, despite many years of funding by 
government and advocacy groups, such as the Muscular Dystrophy Association 
(MDA). Given the  paucity of natural history understanding for some of the other 
types of MDs , it has been discovered that the course of disease for DMD can be 
signifi cantly altered by therapies such as long-term glucocorticoids and the man-
agement of spinal deformity. Additional details regarding regulatory guidance are 
provided in Chapter   10    .  

    The Benefi t–Risk Assessment 

 The DMD guidance generally supports the rare disease discussion regarding the 
risk/benefi t assessment, in that parents of the DMD population are willing to accept 
more uncertainty and take greater risk early on, because of the predictable and 
severe outcomes of the disease. Importantly, for patients with other types of MDs, 
the guidance recommends that the FDA better incorporate the perspective of patients 
and families into the benefi t–risk assessment. 

 Unlike traditional clinical trial development, sponsors were advised to quantify 
the preferences of patients and family members, when feasible. 

 For DMD,  caregivers were willing to accept a serious risk when balanced with a 
non - curative treatment ,  even absent lifespan improvement . In essence, stabilization 
of the child’s progression was considered a benefi t worth a serious risk; however, 
caregivers indicated a limit to their risk tolerance in that they would not accept a risk 
of death and a risk of additional lifelong disability for a drug that stopped or slowed 
progression.  

    Delay to Diagnosis 

  DMD is like other types of MD in that there can be a signifi cant delay to diagnosis . 
Despite early signs of weakness, parents may not voice their concerns or local 
healthcare professionals not familiar with MD may delay in pursuing testing. The 
delay can be substantial—as long as 2.5 years according to a MD-STARnet report 
and other sources [ 3 ,  4 ]. It has also been reported that teachers may notice clinical 
signs and development delays that were not recognized by health professionals. 
This lack of awareness suggests that the education of practitioners is critical to 
shortening the diagnostic odyssey (See the American Academy of Pediatrics state-
ment on   www.childmuscleweakness.org    ).  
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    Differences in Diagnostic Testing 

  Not all types of MD can be diagnosed with accuracy and some subtypes of certain 
types of MD may not yet be identifi ed.  

 Further complicating matters is the  diffi culty due to heterogeneity in multiple 
types of MDs . For clinical trial participation, and in the author’s experience of 
reviewing the literature, a molecular diagnosis is preferred over a clinical diagnosis. 
This helps to decrease the variation within the patient population and increase the 
probability of success for targeted therapies; however, even with DMD, as many as 
~5% of mutations are undetectable by standard genomic analysis [ 5 ,  6 ]. 

 Because our understanding of genetics is evolving,  patients who have been 
screened by older techniques may need to be re - tested in order to more accurately 
diagnosis their mutations . Barriers to obtaining the latest genetic testing include: 
reluctance to visit caregiver, fi nancial (cost), reluctance to give blood or other tissue 
sample, and inadequate healthcare provider education. It has been noted that because 
of the potential for early intervention, newborn genotypic screening is recom-
mended, but has not yet been fully worked out. Barriers for early diagnosis include 
reluctance of health insurers to pay for this service due to increased cost, need for 
informed consent and accuracy and interpretation of the tests, meaning that geno-
type alone does not determine classifi cation of all patients and cannot replace the 
clinical assessment.  

    Natural History 

 As mentioned earlier, although signifi cant advances have been made,  the natural 
history is not understood for all types or subtypes of the nine forms of MD . Further 
work is needed to elucidate these time courses. As the PPMD paper points out, sig-
nifi cant work was done for DMD to enhance the understanding of DMD natural 
history from additional data from registries and the placebo arms of industry trials. 
These approaches could be used for other types of MD, especially in light of the 
paucity of patients that can be identifi ed and are willing to enroll in clinical trials.  

    Testing and Evaluation of Clinical Endpoints with Validation 

  Additional work is needed to identify clinically validated endpoints for clinical 
trials ; however, signifi cant progress has been made for DMD that may apply to 
other types of MD. For example, Timed Function tests, such as the six-minute walk 
test (aka 6MWT—one of the most commonly used primary outcome measures in 
clinical development programs), can be used to assess progression of MD. Stair 
climbing, and strength tests, including manual muscle testing, quantitative lower and 
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upper limb testing, and some patient reported outcomes, may have applicability for 
other types of MD in the clinical trial setting. 

 It should be noted that  concurrent medical management may alter the course of 
MD disease  and this has certainly been the case for DMD where glucocorticoids 
and other interventions have altered (improved) the natural course of the MD and 
these factors need to be accounted for in clinical trial drug development. For exam-
ple, a Cochrane review concluded that for DMD, glucocorticoid corticosteroids 
improve muscle strength and function over six months to two years. 

 The loss of clinical milestones is a hallmark of disease progression in DMD, but 
may be true for other types of MD as well. For example, a number of ambulatory 
functions and milestones are listed and include:

•    Unable to jump, hop, and run  
•   Loss of standing from the fl oor  
•   Loss of transition from lying supine to sitting  
•   Loss of stair climbing  
•   Loss of ability to stand from a chair  
•   Loss of ability to walk independently (defi ned by the inability to perform a 10 m 

walk/run)  
•   Loss of standing in place    

 And non-ambulatory milestones:

•    Loss of ability to reach overhead  
•   Loss of ability to reach the scalp  
•   Loss of ability to self-feed without adaptations (hand to mouth)  
•   Loss of ability to place hands to table top  
•   Loss of ability to use a computer (distal hand function)    

  Although the focus of most research is on the ambulatory MD patient population , 
 outcome measures will also need to be validated for patients in the non - ambulant 
population  and multiple scales are discussed in the PPMD document that may apply 
to other types of MD as well.  

    Heterogeneity 

 As noted elsewhere, the goal of therapeutics in MD is to slow or stabilize disease 
progression in comparison to that expected from natural history. Heterogeneity 
among patients means that some patients with MD may experience more aggressive 
forms of progression than others. These subtleties need to be addressed in clinical 
trials and can include:

•    Future progression due to disease severity, stage of disease, and known natural 
history  

•   The age at loss of clinically meaningful milestones as a surrogate for disease 
severity  
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•   Imbalance of the ages of study participants  
•   Imbalances in gender (not discussed in the PPMD paper, but important 

nonetheless)  
•   Genetic predictors of disease progression (mutations)  
•   Genetic modifi ers (based on genetic screening that may identify genetic 

 polymorphisms in other genes as well)  
•   Previous treatments (e.g., glucocorticoids)  
•   Previous adaptive treatments (splinting, orthotic devices, corsets, etc.)  
•   Physical therapy (length, type, and progress).     

    Other Obstacles 

 In addition to the hurdles identifi ed in FDA’s rare disease and PPMD documents, 
other factors have hampered MD drug development. For example, animal models of 
MD do not accurately refl ect human disease; thus, the majority of drugs tried in 
animal models have failed in human clinical trials [ 7 ,  8 ]. As a result, increased rigor 
and higher standards are needed in the preclinical space. Current data suggest a ten-
dency to move to MD clinical trials too soon and based on insuffi cient data [ 9 ,  10 ]. 

 Other hurdles not already discussed include:

•    Diffi culty in defi ning and measuring the rate of change in slowly progressing 
disease conditions.  

•   Variety and differences in the genetic mode of transmission over the nine types 
of MD (e.g., autosomal dominant inheritance, autosomal recessive inheritance, 
germline mosaic [resulting from a mutation during development that is propa-
gated to only a subset of the adult cells, such as sperm or eggs], de novo muta-
tions, etc.).  

•   Heterogeneity of the phenotypes within each form of MD with varying treatment 
goals at each stage.  

•   Few patients being available or eligible for study in clinical trials. Although 
already stated, on the positive side—for example, for drug developers—it should 
be noted that because of the paucity of patients eligible for clinical trials, that the 
FDA is willing to classify MD candidates as orphan drugs. As orphans, they 
would garner signifi cant advantages for the sponsor, such as regulatory exclusiv-
ity and reduced fees during the application process.  

•   Pediatric neuromuscular disease presents a challenge because patients lose mus-
cle function as they grow into adolescence. Therapies, if not defi nitively curative, 
must provide a benefi t–risk ratio acceptable to patients as well as caregivers; 
these two parties may not calculate the benefi t–risk ratio in the same way.    

 For additional details, see Chapter   6     titled, “Transition from Childhood to Adult 
in Patients with Muscular Dystrophy” by Drs. Kathryn Wagner and Elba Y. Gerena 
Maldonado.  
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    Summary 

 A major challenge in developing therapies for DMD is that there is considerable 
variation in the severity and rate of disease progression in different individuals. 
Other hurdles include: diffi culty in defi ning and measuring the rate of change in this 
slowly progressing disease; variation in the goals of treatment at each stage of 
DMD; and the fact that few patients are available or eligible for study in clinical 
trials. 

 Driven by the desperate need for a cure, governments and U.S. patient advocacy 
groups for patients with DMD (and its cousin, BMD) have led the way for patients 
with other types of MD, providing a surrogate pathway for other patient advocacy 
groups. 

 Europe is focusing on providing more detailed regulatory guidance, in line with 
its historical guidance for drug developers, but, while encouraging, this is limited. 
For example, in its only MD guidance, the primary focus is on male children with 
DMD and does not fully address parameters for women, men, and female children. 
The guideline also includes only a few references to BMD patients. 

 The U.S. is relying on current programs already in place and needed to solicit 
help from patient advocacy groups, such as the PPMD, in order to provide regula-
tory guidance. The current lack of detailed regulatory guidance adds risk to spon-
sors’ drug development programs. Justifi ably starting with DMD, the most severe 
form of MD, additional regulatory guidance along the lines of that provided by 
PPMD is desperately needed to de-risk the programs of sponsors developing treat-
ments for the other forms of MD, such as FSHD. 

 Once drug developers identify enough patients to study, but before moving to 
clinical trials, they need to have a minimum understanding of the natural history for 
each type of MD and make sure that the preclinical data package justifi es the risk/
benefi t to the patient (and caregivers). 

 Other hurdles to product approval for MD include the lack of protein identifi ca-
tion and complete understanding of the mechanism of action in certain types of MD 
(e.g., FSHD), and lack of regulatory agreement on primary and secondary endpoints 
in the U.S. For example, scientifi c debate continues on whether Sarepta Therapeutics 
can use dystrophin as a surrogate endpoint for registration purposes. 

 Until clinical endpoints and other key clinical trial design features are provided 
in U.S. and EU regulatory guidance, sponsors of drugs will need to collaborate with 
regulatory agencies on a case-by-case basis and early solicitation is encouraged.     
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    Chapter 12   
 Pharmaceutical Products 
and Non- pharmaceutical Interventions 
as Potential Treatments for Patients 
with Muscular Dystrophy 

             Raymond     A.     Huml     

              Treatments for Patients with Muscular Dystrophy 

 Despite being medically recognized for over 150 years, with hundreds of millions 
of dollars put to work through champion organizations such as the Muscular 
Dystrophy Association (MDA) and pharmaceutical sponsors, there is currently no 
cure for any form of muscular dystrophy (MD). However, at no time in the history 
of MD has the future looked brighter. With over 240 studies listed in the U.S.—and 
at least 11 candidates in the later phases of drug development (e.g., Phase II or 
Phase III)—the stage is set for positive change. 

 It is the author’s opinion that more groundwork needs to be laid, such as the 
conduct of natural history studies, establishment of more global patient registries, 
and completion of additional genetic and molecular studies, to better understand 
MD and to identify promising targets. Indeed, it has historically proven diffi cult to 
fi nd preclinical and animal models of disease. However, as these 240+ studies are 
completed, it is hoped that the mechanism of disease will become better elucidated, 
more targets will be identifi ed, and more companies will be willing to invest in clini-
cal trials. 

 It is hoped that pharmaceutical research into gene therapy or stem cell therapy 
will ultimately provide treatment to stop the progression of some types of MD and 
possibly provide a cure. 

 Current treatment is designed to help prevent or reduce deformities in the joints 
and the spine and to allow people with MD to remain mobile as long as possible. 
Non-pharmaceutical therapies include range-of-motion exercises, mobility aids, 
and assisted breathing. Other procedures can include surgery, mainly for contrac-
tures, scoliosis, and heart problems. Although current treatments are critically 
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important for patients with MD, this chapter will be mainly limited to a discussion 
of pharmaceutical treatments. 

 For those unfamiliar with the (largely Western) milestones within the clinical 
trial paradigm, a brief overview is provided just below. 

    Brief Overview of Clinical Trial Development 

 To understand the pharmaceutical product approval (aka “registration”) process, 
it is important to be aware of the clinical trial drug development paradigm. The 
ultimate goal is to put the pieces of the development puzzle together as required 
by regulatory agencies, in order to get a drug, biologic, or device to market in the 
shortest time possible, with the fewest resources, and in the safest and most effec-
tive manner. 

 The process starts with testing many molecules in the laboratory—in vitro (using 
cells outside their normal biological context in a laboratory environment) and 
in vivo    (in living organisms), proceeds to preclinical testing in animals, and then to 
human testing along the following paradigm:

•    Discovery Phase  
•   Preclinical Phase  
•   Phase I, II, III clinical trials  
•   Marketing Phase  
•   Phase IV clinical trials.    

 Figure  12.1  was taken from a presentation by the FDA which describes the gen-
eral plan for overall drug development. Subsequent sections of this chapter will 
demonstrate how governments, patient advocacy groups, and pharmaceutical com-
panies are currently working in all phases of drug development, with the majority of 
work being conducted in the lower half of the foundation, but a few promising 
candidates pushing all the way to later phase clinical testing.  

 As the scientifi c (e.g., pathophysiology, mechanism of action [MOA], effect of 
intervention) and clinical data (post IND phase, such as early and later phase clini-
cal testing) are collected and analyzed, it is sent to regulatory agencies for review 
and feedback on the progress of the clinical development program. After preclinical 
testing in the laboratory and in animals, regulatory agencies (the FDA in the U.S.) 
must give approval before human trials may commence. 

 In Phase I trials, healthy human volunteers are typically given various doses of 
the compound in order to study its pharmacokinetics (PK), pharmacodynamics 
(PD), and, to some extent, its safety. Phase II trials are generally designed to eluci-
date a safe and effective dosage range in a limited number of patients with the con-
dition the drug was developed to treat. Finally, Phase III clinical trials are conducted 
on large numbers of patients with the condition for which the drug was developed 
in order to assess the drug’s safety and effi cacy. 

R.A. Huml



147

 Once all of the required information from the multiple trials is collected and 
analyzed, it is submitted for regulatory approval in the form of written reports. 
A team of experts from multiple disciplines reviews portions of the data package 
and determines whether the drug is both safe and effective for the indication for 
which it was developed. Of interest is the fact that the FDA simply approves the 
proposed labeling (package insert) for the drug, and not the drug itself, yet it is ille-
gal to market a drug for treatment of any disease without FDA-approved labeling. 
After the labeling is approved, the product continues to be monitored in an ever-
enlarging population of patients as long as it remains on the market. After a drug is 
in general use, its sponsor may compare it with others used for the same indication 
either to bolster superiority claims or to study further the safety and effi cacy of the 
product as part of a regulatory commitment at the time of original FDA approval. 
Such activities are known as Phase IV post-marketing studies. 

 Although this is the general paradigm for the approval of many drugs, certain 
exceptions can be made, because of issues such as the ethical conundrum of giving 
a placebo in lieu of a potential disease modifying treatment to a patient affl icted 
with MD. In these cases, some groups, such as PMDD, advocate for a comparison 
between the active drug and the expected natural history course of the disease. 
Although this is entirely understandable, given the variation with MD—even within 
families—this may prove diffi cult unless additional natural history studies are 
conducted.  

  Fig. 12.1    FDA foundation building for clinical trial drug development       
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    Approved Products and Treatments 

 There is only one product tentatively approved for the treatment of MD anywhere in 
the world. As mentioned earlier, PTC Therapeutics’ ataluren was granted marketing 
authorization (tentative approval) in the EU under the trade name Translarna™ for 
the treatment of DMD in ambulatory patients aged fi ve years and older. Translarna™ 
is approved to treat the underlying cause of DMD. The European Medicines Agency 
has designated ataluren as an orphan medicinal product and the FDA has granted 
orphan drug designation to ataluren for the treatment of DMD. 

 The ongoing Phase III Ataluren Confi rmatory Trial is a randomized, double- 
blind, placebo-controlled trial designed to confi rm the safety and effi cacy results 
seen in an earlier Phase IIb study. The confi rmatory study was designed to enroll 
220 participants at approximately 58 sites in North America, South America, 
Europe, Israel, Asia, and Australia. Successful results of this trial would provide the 
basis for a full approval decision in the EU and the U.S., as well as in other 
countries. 

 According to DuchenneConnect: [ 1 ]

  Based on estimates regarding patient enrollment, initial, top-line data from the Phase III 
clinical trial were expected in mid-2015. If trial results support approval and FDA approves 
their application, Translarna™ could be available in the U.S. as early as the second half of 
2016. PTC plans to apply for approval in other countries following U.S. approval. 

       Potential Treatments for MD 

 A total of 247 MD studies were identifi ed (on October 30, 2014) using the search 
term “muscular dystrophy” on the Website titled  clinicaltrials.gov —a government 
mandated Website dedicated to posting all clinical trials being conducted in the 
U.S. It is important to note that other studies may be ongoing—and not recognized 
on this Website—as they may be conducted in Europe or other non- U.S. regions. 
Clinical trials conducted in EU and European Economic Area (EEA) can be found 
at   www.clinicaltrialsregister.eu    . 

 It should be emphasized that U.S., Europe, and Japan are the only countries cur-
rently following International Conference of Harmonization (ICH) guidelines on 
good clinical practice and the conduct of clinical trials. This is important to note 
because a clinical dossier for registration purposes can be fi led simultaneously in all 
ICH countries, though, in the author’s opinion, there are still subtle differences 
between these geographies meaning that this is not always achievable. 

 It is also important to note, for those considering participating in a clinical trial 
outside of ICH countries, that the other countries may not have as rigorous clini-
cal trial requirements and this should be factored into any clinical risk/benefi t 
analysis. 
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 Of these 247 studies, 105 studies were found for “Duchenne muscular  dystrophy” 
and 124 studies were found for “Becker muscular dystrophy,” though it should be 
noted that most of these studies overlap (because they have a similar pathology), 
thus are double-counted and not unique. Most DMD and BMD studies focus on 
treatment of the heart and lungs, where complications can cause early mortality in 
DMD patients. 

 Only seven studies were found using the search term “FSH or FSHD”; however, 
21 studies were discovered for FSHD using the full search term, “facioscapulo-
humeral muscular dystrophy,” which reinforces that how one conducts a query may 
infl uence the number of studies discovered. 

 The rest of the studies—about half—are associated with other types of MD as 
depicted in Table  12.1 .

        Congenital Muscular Dystrophy 

 Of the 26 Congenital MD studies cited, most are focused on gathering information 
to better understand the disease. For example, several trials are listed as natural 
history or genetic studies and some highlight patient- and family-reported medical 
information. Most of the other studies included diagnostic tests or physical therapy- 
type studies (e.g., lung stretch therapy).  

   Table 12.1    U.S. clinical trials a  for the treatment of the nine major types of MD b    

 Type of MD/search term  Number of clinical trials 

 Duchenne muscular dystrophy  105 
 Becker muscular dystrophy  124 
 Facioscapulohumeral muscular dystrophy  21 
 Congenital muscular dystrophy  26 
 Distal muscular dystrophy  9 
 Emery-Dreifuss muscular dystrophy  None c  
 Limb Girdle muscular dystrophy  19 
 Myotonic muscular dystrophy  20 
 Oculopharyngeal muscular dystrophy  None [ 1 ] 

   a It should be noted that these U.S. studies do not just refl ect potential pharmaceutical intervention, 
but also non-pharmaceutical interventions such as electrostimulation; high intensity training; anti-
oxidants; stem cells; registries; protein supplementation; older, approved products that have not yet 
been studied for the treatment of MD (e.g., albuterol, oxandrolone); and diagnostic procedures 
(e.g., MRI) 
  b Does not include Collagen VI MD and Ullrich Congenital MD 
  c A lack of listings on clinicaltrials.gov does not mean that no clinical drug development is being 
conducted because some sponsors choose to conduct clinical trials outside of the U.S. See 

Table  12.2  where a Phase III (late stage) candidate for oculopharyngeal MD is identifi ed  
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    Distal Muscular Dystrophy 

 Distal muscular dystrophy was similar to Congenital MD, except with fewer stud-
ies; fi ve out of nine studies were listed as “completed” and only two studies reported 
as recruiting patients.  

    Limb Girdle Muscular Dystrophy 

 Limb Girdle muscular dystrophy was similar to Congenital and Distal MDs— 
meaning that most studies are focused on gathering information to better understand 
the disease—except that there are more molecular and genetic studies, including 
gene transfer and stem cell therapy, though the stem cell therapy was for patients 
with FSHD, not Limb Girdle MD (as accessed on November 7, 2014).  

    Myotonic Muscular Dystrophy 

 Most myotonic muscular dystrophy studies focus on the heart and lungs with two 
notable exceptions: Iplex from Somaokine and Mexiletine. 

 According to the ADIS database, Iplex, an insulin-like growth factor, was being 
studied for multiple indications in the Phase II stage of drug development in Europe; 
however, clinical development had been suspended or discontinued for multiple 
indications, including MD. 

 Mexiletine, an orally active local anesthetic agent structurally related to lido-
caine, is an approved drug (sponsor Boehringer Ingelheim). This was studied in 
Italy in a small number of patients with generalized dystonia, but there has been 
no further development since 2009, according to the ADIS database (as of 
November 8, 2014). 

    Duchenne Muscular Dystrophy: Mechanism of Action 

 DMD and BMD account for the largest number of clinical trials and have the same 
MOA, being caused by a defect in the gene for the muscle protein, dystrophin. This 
may be inherited or may occur without a known family history of the condition [ 1 ]. 

 Looking ahead, there is cause for optimism that the approaches being investi-
gated in clinical trials may address the huge unmet medical need for new treatments 
for DMD and potentially other MDs—ideally by slowing down or halting disease 
progression, or providing an urgently needed cure. 
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 Most of the clinical studies in the U.S. for DMD involve diagnostic tests to study 
heart and lung function, stem cell therapies, older, approved products being studied 
for the treatment of DMD (metformin, carvedilol, prednisone), and protein supple-
mentation (e.g.,  L -arginine, creatinine, and glutamine). 

 Current treatments for DMD are aimed at, reducing symptoms and improving 
quality of life. For example, corticosteroids can help slow down the loss of muscle 
strength [ 2 ]. However, researchers have made great advances in their knowledge of 
DMD and continue to search for a cure. Several promising approaches to DMD are 
in the pipeline, according to the MDA [ 3 ]:

   “ Exon skipping ”  drug candidates , which target the mutation that occurs in the gene 
for dystrophin in individuals with DMD. Also known as molecular patches or 
antisense oligonucleotides, these are designed to skip the faulty section of this 
gene so that the muscle protein can be produced, hopefully reducing the symp-
toms of DMD. Two such products are currently in development: Sarepta’s RNA- 
based clinical candidate, eteplirsen, and Prosensa’s drisapersen [ 4 ,  5 ].  

   Gene therapy , aimed at introducing a healthy synthetic copy of the dystrophin gene 
into the muscles to restore production of dystrophin. Challenges include the fact 
that the dystrophin gene is too big to fi t within the virus used to deliver it to 
muscles; and the body may respond to the virus or dystrophin with an immune 
reaction. Gene therapy holds great potential if these challenges can be success-
fully tackled.  

   Reading through stop signals  by targeting a specifi c type of mistake in the genetic 
code called a nonsense mutation, which prevents the production of full-length 
functional proteins and affects 10–15% of boys with DMD. For example, PTC 
Therapeutics’ drug candidate, Ataluren (PTC124) [ 6 ], has potential to enable the 
cell to read through premature nonsense stop signals and make dystrophin.  

   Stem cell therapy , where donor cells are injected with the aim of creating healthy 
muscle fi bers. It may also be possible to isolate the patient’s own stem cells, 
grow them in the laboratory, correct the genetic defect with gene therapy, and 
transplant them back into the patient.  

   Utrophin upregulation , aimed at increasing levels of utrophin, a protein that is func-
tionally similar to dystrophin. Summit’s investigational oral small molecule 
SMT C1100 is in early clinical trials for this use [ 7 ].  

   Reducing muscle damage  is another goal of ongoing research. For example, Dart 
Therapeutics’ HT-100 is an orally available, small molecule drug candidate 
intended to reduce accumulation of scar tissue and infl ammation, and to promote 
healthy muscle fi ber regeneration [ 8 ].    

    Selected Case Examples 

 Hundreds of pharmaceutical candidates, interventions, and studies are posted on 
 clinicaltrials.gov , and, according to a Web search on December 5, 2014, a total of 
111 candidates and therapies for the treatment of MD (including protein 

12 Pharmaceutical Products and Non-pharmaceutical…



152

supplements and drugs previously approved for indications other than MD) have 
advanced to the Phase II ( n  = 72) or Phase III ( n  = 39) stage of clinical drug develop-
ment. These pharmaceutical candidates represent a signifi cant investment in capital, 
as well as caregiver and patient time, effort and, in some cases, biological samples. 

 For Phase II candidates, many trials are studying older, approved drugs and sup-
plements, but in new ways or for new indications (e.g., prednisone, coenzyme Q, 
metformin, creatine, glutamine), but some candidates appear to be novel, such as 
GSK’s GSK2402968, idebenone, drisapersen, and eteplirsen, to name a few. 

 For Phase III candidates, with few exceptions, studies mainly focus on the treat-
ment of DMD/BMD. For example, some Phase III studies are being conducted in 
patients with Miyoshi myopathy ( n  = 1), myotonic dystrophy ( n  = 2), or rare diseases 
like Bethlem myopathy and Ullrich Congenital MD ( n  = 1 [same trial to study 
potential treatment for both diseases]). 

 Selected novel therapies, in both Phase II and Phase III phases of drug develop-
ment, are summarized in Table  12.2  below.

   Case examples for some of these candidates are provided at the end of this 
chapter.    

    Table 12.2    Selected candidates in the late stage MD pipeline   

 Primary drug name  Mechanism of action 
 Phase of drug 
development  MD target a  

 Tadalafi l  Phosphodiesterase 
5 inhibitor 

 Phase III  DMD 

 Ataluren  Dystrophin stimulant  Phase III in U.S.; 
tentatively 
approved in 
the EU 

 DMD, BMD 

 Idebenone  Reducing agent, 
apoptosis inhibitor 

 Phase III  DMD 

 Drisapersen  Dystrophin stimulant  Pre-registration  DMD 
 Eteplirsen  Dystrophin stimulant  Phase III  DMD 
 Trehalose dihydrate  Protein aggregate 

inhibitor 
 Phase III  Oculopharyngeal MD 

 Intramuscular 
transplant of 
muscle-derived stem 
cells & adipose 
mesenchymal cells 

 Stimulation and creation 
of new (normal) muscle 
cells 

 Phase III  FSHD 

 PRO-053, PRO-045, 
PRO-044 

 Dystrophin stimulants  Phase II  DMD 

 Pemirolast ®   Histamine release 
inhibitor, reduction of 
vascular infl ammation 

 Phase II  DMD, BMD 

 Halofuginone 
hydrobromide 

 Angiogenesis inhibitor, 
collagen Type I inhibitor 

 Phase II  DMD 

(continued)
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    Case Example: Ataluren [ 9 ] 

 PTC Therapeutics is developing ataluren (Translarna™) for the treatment of multi-
ple genetic disorders including cystic fi brosis and DMD. Ataluren is formulated as 
a powder for suspension in water or milk. It is an orally administered, small- 
molecule compound that targets nonsense mutations. Nonsense mutations are 
single- point alterations in DNA that introduce a premature translation termination 
codon, when transcribed into mRNA. This change halts the ribosomal translation 
process at an earlier site than normal, producing a truncated, non-functional protein. 
Ataluren allows the cellular machinery to read through premature stop codons in 
mRNA, and thereby enables the translation process to produce full-length, func-
tional proteins. Specifi cally, ataluren is designed to mediate the cystic fi brosis trans-
membrane conductance regulator (CFTR) chloride channel for cystic fi brosis and 
the functional production of dystrophin for DMD. Ataluren is conditionally 
approved for the treatment of nonsense-mutation DMD (or nmDMD) in the EU, 
Norway, Iceland, and Lichtenstein. 

 PTC is conducting a multinational Phase III clinical trial (Ataluren Confi rmatory 
Trial in DMD, or ACT DMD) in support of the conditional approval of ataluren 
for nonsense mutation DMD. In December 2014, PTC announced that it had 
commenced a rolling submission of a New Drug Application (NDA) to the FDA for 
Translarna™ for the treatment of nmDMD. Phase III development in cystic fi brosis 
is underway in the U.S., Canada, and the EU. Phase II trials were planned for other 
diseases; however, development for these indications has been suspended to focus 
on DMD and cystic fi brosis. 

 According to PTC Therapeutics, ataluren is the fi rst product in the world 
approved to treat nonsense mutations that cause DMD. Aminoglycosides have also 
demonstrated an ability to selectively promote read-through of nonsense mutations; 

 Primary drug name  Mechanism of action 
 Phase of drug 
development  MD target a  

 Givinostat  TNF alpha antagonist, IL 
1b antagonist, histone 
deacetylase inhibitor, IL6 
receptor antagonist 

 Phase II  DMD 

 Follistatin  Human growth and 
differentiation factor 8 
antagonist 

 Phase II  BMD 

 ATYR-1940  Histidine-tRNA ligase 
modulator 

 Phase II  FSHD 

     Compounds highlighted in bold are discussed in greater detail as case studies later in this chapter 
  a Some of these candidates for the treatment of MD are being studied for the treatment of other 
diseases. In these cases, only the MD target is identifi ed  

Table 12.2 (continued)
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however, these agents require parenteral administration and the high doses involved 
increase the risk of serious toxicity. PTC aims to overcome these limitations by 
developing an orally administered non-aminoglycoside.  

    Case Example: Drisapersen [ 10 ,  11 ] 

 According to ADIS, Prosensa Holding N.V. (aka Prosensa) is developing dris-
apersen, a 2′- O -methyl antisense oligonucleotide, for the treatment of DMD. DMD 
is caused by deletion or duplication of exons, or point mutations, in the gene that 
encodes dystrophin. Because of their capacity to skip an exon by blocking its inclu-
sion during splicing, antisense oligonucleotides have the potential to correct the 
reading frame of DMD transcripts to yield an internally truncated dystrophin pro-
tein. Studies in cultured cells from patients with DMD have demonstrated that dris-
apersen effi ciently induces specifi c skipping of exon 51. Based on the frequency of 
mutations in patients with DMD, drisapersen may have the ability to correct the 
reading frame in up to 25% of deletions, including exon 50, exon 52, exons 45–50, 
exons 48–50, and exons 49–50. Phase III development of a subcutaneous formula-
tion is underway worldwide for the treatment of DMD. 

 In the U.S., on October 10, 2014, Prosensa announced that it had initiated the 
process of submission of a New Drug Application to the FDA. Drisapersen has 
Breakthrough Therapy Designation and Fast Track Status in the U.S., which made 
it eligible for a rolling review of the NDA. The submission is expected to be com-
pleted before 2015. The company announced on November 24, 2014, that it had 
been acquired by BioMarin Pharmaceutical Inc. Currently, Prosensa has six DMD 
candidates in its pipeline, drisapersen being the most advanced one. Notably, all 
these candidates have orphan drug status in the U.S. and the EU. 

 Prosensa completed a randomized, double-blind, placebo-controlled Phase III 
study (results announced in September 2013) on drisapersen for DMD. However, 
the candidate failed to meet the primary endpoint. The company started re-dosing 
patients in September 2014. 

 Prosensa has said that it intends to submit a marketing authorization application 
in the near future to the European Medicines Agency for conditional approval of 
drisapersen.  

    Case Example: Eteplirsen [ 12 ] 

 Sarepta Therapeutics (formerly AVI BioPharma) is developing eteplirsen for the 
treatment of DMD—where internal exon mutations lead to the formation of trun-
cated dystrophin proteins lacking one of the functional ends. Eteplirsen allows exon 
51 to be skipped, providing altered messenger RNA (mRNA), which in turn pro-
duces a shortened but functional version of dystrophin. Eteplirsen uses Sarepta’s 
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phosphorodiamidate morpholino oligomer (PMO)-based chemistry and proprietary 
exon-skipping technology. Oligonucleotides based on this splicing technology do 
not degrade target RNA and do not lead to down-regulation of the target gene. 
Previously, AVI BioPharma completed a Phase I/II trial in the UK evaluating intra-
venously administered eteplirsen in patients with DMD. Phase III development of 
intravenously infused eteplirsen is underway in the U.S. Sarepta is planning to fi le 
for approval with the FDA in the near future, based on the Pre-NDA meeting. 

 Positive results from a phase I/II trial of intramuscularly administered eteplirsen 
were reported. However, the company appears to be focusing on the development of 
eteplirsen for intravenous administration. 

 A similar approach is being utilized by Sarepta to develop AVI-5038, a therapeu-
tic candidate for DMD with the ability to skip dystrophin exon 50. 

    Case Example: ATYR-1940 [ 13 ,  14 ] 

 aTyr Pharma is developing a protein, Resolaris™ (ATYR1940), based on naturally 
occurring truncated amino acyl-tRNA synthetases, called physiocrines, for the 
treatment of MDs, including FSHD. Phase I/II development is underway in France 
and the Netherlands. 

 Although still early in clinical development, it is interesting to note that in August 
2014, aTyr Pharma initiated a Phase I/II trial evaluating the safety and tolerability of 
ATYR 1940 in patients with molecularly defi ned genetic facioscapulohumeral mus-
cular dystrophy (ATYR1940-C-002; EudraCT2014-001753-17; NCT02239224). 
The randomized, double-blind, multiple ascending dose trial is intended to enroll 44 
patients in France and the Netherlands.   In February 2015, the company announced 
that the European Commission had granted orphan drug designation to Resolaris™ 
for the treatment of FSHD.      
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    Chapter 13   
 U.S. Patient Advocacy Groups 

             Meredith     L.     Huml   

           For newly diagnosed muscular dystrophy (MD) patients and their caregivers in the 
U.S., the fi rst point of call for information and support should be the Muscular 
Dystrophy Association (MDA,   www.mda.org    ). In addition, there are disease-spe-
cifi c groups for several of the nine forms of MD, as shown in Table  13.1 .

      All Forms of MD 

 The MDA is the world’s leading nonprofi t health agency dedicated to fi nding treat-
ments and cures for MD, amyotrophic lateral sclerosis (ALS), and other neuromus-
cular diseases. The Association does this by funding worldwide research; by 
providing comprehensive healthcare services and support to MDA families nation-
wide; and by rallying communities to fi ght back through advocacy, fundraising, and 
local engagement. 

 The organization is funded by individual private contributions and cooperating 
organizations, providing research, services, and education. Currently, over 250 
research projects are funded through the MDA. Although a national group, the MDA 
makes its resources and information accessible through local chapters, with 200 clin-
ics throughout the states and 100 local offi ces. Some 44 of those clinics are MDA/ALS 
centers. MDA holds annual biannual clinical and scientifi c conferences where cutting-
edge research and clinical trial information is presented. In addition, around 3,800 
children attend MDA summer camp every year, and MDA’s online Transitions Center 
is a clearinghouse for resources to support young adults seeking employment, educa-
tion, independent living, and community involvement; blogs are posted twice weekly 
from young adults sharing their experiences living with neuromuscular disease. 

        M.  L.   Huml    (*) 
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MDA also hosts 150 support groups across the country. MDA’s advocacy program, 
based in Washington, DC, seeks to make the MD community’s voice heard and to 
expand resources for those with neuromuscular disease. By informing and educating 
legislators, MDA aims to accelerate development of new therapies. Individuals can 
sign up to be an MDA advocate and receive regular advocacy updates on the organiza-
tion’s web site. 

 The MDA publishes a quarterly magazine,  Quest Magazine , which is sent free of 
charge to families registered with MDA and is also archived online at   http://quest.
mda.org    . The organization also has an online-only  MDA / ALS Newsmagazine  at 
  http://alsn.mda.org    . MDA is also active through social media channels, including 
Facebook and Twitter, enabling patients and caregivers to connect with one another 
and providing the latest research updates. 

   Table 13.1    Patient advocacy groups for MD   

 Type of MD  Sources of information and support 

 Duchenne MD  MDA (MDA,   mda.org    ) 
 Parent Project Muscular Dystrophy (PPMD,   http://www.
parentprojectmd.org    ) 
 The Foundation to Eradicate Duchenne (  http://duchennemd.org    ) 
 Duchenne Alliance (  http://www.duchennealliance.org    ) 
 Other organizations around the world are listed at   http://www.
parentprojectmd.org/site/PageServer?pagename=Connect_partners    , 
  http://www.treat-nmd.eu/dmd/patient-organizations/    ,   https://www.
duchenneconnect.org    , &   http://www.cureduchenne.org     

 Becker MD  MDA (  http://mda.org/disease/becker-muscular-dystrophy    ) 
 Congenital MD  MDA (MDA,   mda.org    ) 

 Cure CMD (  http://curecmd.org    ) 
 Distal MD  MDA (  http://mda.org/disease/distal-muscular-dystrophy/types    ) 
 Emery-Dreifuss MD  MDA (  http://www.mda.org/disease/emery-dreifuss-muscular-

dystrophymda.org    ) 
 National Organization for Rare Disorders (NORD,   https://www.
rarediseases.org    ) 

 Facioscapulohumeral 
MD (FSHD) 

 FSH Society (  http://www.fshsociety.org    ) 
 MDA (MDA,   mda.org    ) 
 PNW Friends of FSH Research (  http://www.fshfriends.org    ) 

 Limb-girdle MD  MDA (MDA,   mda.org    ) 
 Jain Foundation (  http://www.jain-foundation.org    ) 

 Myotonic dystrophy 
(DM) 

 MDA (MDA,   mda.org    ) 
 Myotonic Dystrophy Foundation (  http://www.myotonic.org    ) 

 Oculopharyngeal MD 
(OPMD) 

 MDA (  http://mda.org/disease/
oculopharyngeal-muscular-dystrophy    ) 
 NORD (  https://www.rarediseases.org/rare-disease-information/
rare-diseases/byID/1182/viewAbstract    ) 
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    Duchenne MD 

 Parent Project Muscular Dystrophy (PPMD) focuses on fi nding an end to Duchenne 
MD specifi cally. In total, this group has invested over $45 million dollars in research, 
which has leveraged over $500 million in additional funding. PPMD has been 
involved in several steps forward for the MD community, including providing the 
FDA with the fi rst-ever patient-initiated guidance to help accelerate development 
and review of potential therapies for Duchenne MD. PPMD also recently announced 
that a gene therapy study that it had funded might improve walking ability in 
MD. Historically, the group was instrumental in the passing of the MD Care Act in 
2001. There are also a number of projects listed on their web site that need funding 
and lists of projects they have supported fi nancially. 

 The PPMD web site has a helpful section, labeled as “Connect,” which provides 
links for the group’s monthly e-newsletter, updates on upcoming events, current 
research, and other MD groups. The organization has a mobile application for 
iPhone and Android users that informs patients of new clinical trials and other news, 
as well as location and contact information for nearby clinics. The PPMD Facebook 
and Twitter pages are regularly updated with pictures and news from the MD com-
munity, both scientifi c and patient-related. PPMD has also created a community 
page where visitors can post a profi le in order to meet other members, read blogs, 
and share pictures. Many people who are affected by MD fi nd that attending an 
event, having a chance to meet other patients or family members facing similar chal-
lenges can bring a sense of comfort and connectedness. The PPMD holds annual 
Connect Conferences and Meetings, typically attended by around 500 families. 

 There are other organizations keeping the end to Duchenne as a priority. 
CureDuchenne states on its website that it is a “national nonprofi t that raises aware-
ness and funds to fi nd a cure for Duchenne muscular dystrophy.” This organization 
has helped fund two companies (Prosensa and Sarepta) that are seeking FDA 
approval for drugs for MD. CureDuchenne’s research investments have leveraged 
around $100 million from government agencies and pharmaceutical companies. In 
2014, they hosted the sixth Climb for Duchenne, where “teams of people across the 
country can climb various mountains, hills, or tall buildings” to raise awareness and 
funds for CureDuchenne. The site encourages advocacy for fi ghting Duchenne by 
creating links for starting individual fundraisers. 

 The Foundation to Eradicate Duchenne (FED) was created in 2002 by Dana and 
Joel Wood, residing in Virginia, after their son was diagnosed with the disease. The 
Foundation’s web site says it has worked with others to achieve millions of dollars 
in federal earmarks for Duchenne MD research and a signifi cant increase in the 
attention devoted to DMD at the National Institutes of Health. Additionally, through 
the FED and other fundraising efforts, the group has raised nearly $10 million in 
private donations and worked with Congress to secure nearly $40 million in federal 
appropriations. While not updated frequently, this group’s social network pages 
include several links for contact information from staff and for general questions, 
advocacy, and donations. 
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 The Duchenne Alliance is an “alliance of independent non-profi t organizations,” 
with various academic and industry research projects inviting donations. The group 
also has plentiful blog entries and is active on Facebook and Twitter. 

 While the majority of patient advocacy resources focus on Duchenne, there are 
also resources for other types.  

    Becker MD 

 Due to its mechanistic similarity to Duchenne MD, Becker MD is covered by many 
of the same groups that focus on Duchenne, particularly the MDA.  

    Congenital MD 

 Cure CMD provides extensive resources for patients with congenital MD. The 
group has a mission to bring research, treatments, and in the future, a cure for CMD, 
by working globally together with dedicated parent, government, and research 
advocates. By focusing on this mission, Cure CMD aims to fi nd and fund high 
potential research and clinical trials. MDA also provides extensive clinical and  
research funding, and other support services to individuals with CMD.  

    Distal MD 

 The MDA supports patients with this type of MD.  

    Emery-Dreifuss MD 

 This type of MD is also supported by the MDA, and by the National Organization 
for Rare Disorders, which provides links to various other resources at   http://www.
rarediseases.org/rare-disease-information/rare-diseases/byID/590/viewAbstract       .  

    Facioscapulohumeral MD 

 The FSH Society (Facioscapulohumeral Society) is a world leader in combating 
FSHD. The Society’s purpose is to conduct research, increase awareness, understand-
ing, and education on FSHD. This is especially important as FSHD may be one of the 
most common adult MDs, affecting men, women, and children worldwide. 
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 MDA has also spent millions on FSH research and support services for families, 
and the majority of individuals are seen in MDA clinics. 

 The FSH Society has provided seed funds and grants to pioneering FSHD 
research areas and education worldwide and created an international collaborative 
network of patients and researchers to support research relevant to understanding 
the molecular genetics and causes of FSHD. The FSH Society provides strategy for 
FSHD research, therapeutics, and clinical trials readiness, recruiting qualifi ed 
researchers and clinician-researchers, selecting research proposals, evaluating 
research proposals, granting fellowships, and monitoring ongoing projects and 
research opportunities. Grant making to FSHD researchers and clinicians is one of 
the largest components of the FSH Society and these efforts have led to more than 
300 publications acknowledging this support in scientifi c journals. 

 Recent advances in understanding the molecular genetics and cellular biology of 
FSHD have led to the identifi cation of potential therapeutic targets. The Society’s 
main focus is to gather more support for research from the U.S. government by 
submitting both oral and written testimonies to Congress, all of which can be read 
through links on the site. 

 Meetings, symposia, workshops, and networking activities are one of the most 
successful programmatic components of the FSH Society. Through the FSH Society 
staff and its web site portal at   www.fshsociety.org    , Facebook page, Twitter account, 
Yahoo! Groups bulletin board, e-mail ListServ, and quarterly newsletter the  FSH 
Watch , FSHD patients have found ways to be useful to one another and to basic and 
clinical researchers working on their disease. This group’s web site is extremely 
abundant with information, much appreciated by the author, who is an FSHD patient 
herself. The support patients receive from one another through sharing their com-
mon experience is invaluable and immeasurable. The FSH Society acts as a clear-
inghouse for information on the FSHD disorder and on potential drugs and devices 
designed to alleviate the effects of the disease. It fosters communication among 
FSHD patients, their families and caregivers, charitable organizations, government 
agencies, industry, scientifi c researchers, and academic institutions. 

 The FSH Society also provides dedicated support, education, and outreach ser-
vices to patients, professionals, researchers, and families in need of assistance. 
The Society responds to inquiries by phone, web, and e-mail from newly diag-
nosed patients, patients, family members and spouses of FSHD patients, and 
professionals. 

 The FSH Society helped educate and recruit patients into research studies to 
help facilitate the production of the world’s largest resource for FSHD biomateri-
als that are being made available to researchers worldwide. The Society hopes that 
this strategy will help with better reproduction, validation, and corroboration of 
research results by providing the community with a high quality and high number 
of well- controlled FSHD cell lines that multiple research groups can indepen-
dently access. Publications, literature, education, patient support, social network-
ing, and research networking combined are the most signifi cant components of the 
FSH Society.  
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    Limb-Girdle MD 

 There are many foundations that focus on individual subtypes of limb girdle muscu-
lar dystrophies (LGMDs), both in the U.S. and abroad. These foundations are often 
started by families of individuals with the disease and usually focus both on patient 
advocacy and on supporting research towards fi nding treatments and cures. MDA 
has also invested a lot of funding for research and support for families with LGMD. 

 Although LGMDs share common symptoms, the diseases are caused by mutations 
in a large number of genes. This large genetic diversity, the high cost of genetic analy-
sis, and the refusal of some health insurance companies to cover genetic diagnosis 
make it diffi cult for individuals to obtain a defi nitive diagnosis. To address this prob-
lem, a consortium of LGMD family foundations was formed in 2014 and includes the 
Cecil B Day Family, Inc (LGMD2B), Coalition to Cure Calpain 3 (LGMD2A), Jain 
Foundation (LGMD2B), Kurt+Peter Foundation (LGMD2C), LGMD2D Foundation, 
LGMD2I Fund, and McColl-Lockwood Laboratory (LGMD2I). 

 Led by the Jain Foundation, the LGMD consortium created a new diagnostic 
program (  http://lgmd-diagnosis.org    ) that offers free genetic sequencing to individu-
als with unexplained muscle weakness. Patients can apply for the program by taking 
a short quiz or their physicians can apply on their behalf using the Jain Foundation’s 
Automated LGMD Diagnostic Assistant (ALDA—http://  www.jain-foundation.org/
alda    ) to determine eligibility. Qualifi ed patients send in a saliva sample and receive 
a genetic report that includes results from a gene panel of 35 genes known to be 
involved in various forms of LGMD as well as other muscle diseases with similar 
symptoms. The diagnosis program launched in late 2014 and is already succeeding 
in its goal of identifying a large number of individuals with LGMDs. 

 Many of the LGMD consortium members focus on patient advocacy and have 
patient registries including the Jain Foundation, Coalition to Cure Calpain 3, 
LGMD2D Foundation LGMD2I Fund, and the Kurt+Peter Foundation. The identi-
fi cation of a large number of patients with the LGMDs studied by the foundations 
will help each foundation in their goals of curing each disease. 

 The Jain Foundation (  http://jain-foundation.org    ) has a mission of curing muscu-
lar dystrophies caused by mutations in the dysferlin gene, which includes the clini-
cal presentations Limb-Girdle MD type 2B (LGMD2B) and Miyoshi muscular 
dystrophy 1 (MMD1). The foundation is privately funded and does not solicit fund-
ing from patients or other sources. Its strategy includes funding and actively moni-
toring the progress of scientifi c research projects in key pathways towards a cure, 
providing fi nancial and logistical support to promising drug candidates to accelerate 
them to clinical trials, funding clinical trials and studies, encouraging collaboration 
among scientists, and educating LGMD2B/Miyoshi patients about their disease and 
helping them with their diagnosis. 

 Coalition to Cure Calpain 3 (C3) (  http://www.curecalpain3.org    ) was founded in 
2010 for the specifi c purpose of funding research efforts focused on understanding 
the biology of and fi nding a cure for LGMD2A. This disease is also sometimes 
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referred to as calpainopathy because it is caused by mutations in the calpain 3 gene. 
The organization was created by people with LGMD2A for people with LGMD2A, 
as both founders have the disease. The main focus of C3 is on supporting research-
ers and encouraging collaboration among scientists rather than on providing  services 
to those who have the disease. 

 The LGMD2D Foundation (  http://lgmd2d.org    ) is a non-profi t private foundation 
whose mission is to expedite the development of a cure or therapy for Limb Girdle 
Muscular Dystrophy 2D (LGMD2D), which is caused by mutations in the alpha 
sarcoglycan protein. In addition to educating patients and physicians, the LGMD2D 
Foundation maintains a patient registry, funds and monitors research and progress, 
provides fi nancial support to accelerate clinical trials, and encourages scientifi c 
collaboration. 

 The LGMD2I Research Fund (  http://www.lgmd2ifund.org    ) is a not-for-profi t 
focused on expediting the development of a treatment or cure for Limb Girdle 
Muscular Dystrophy 2I (LGMD2I), which is caused by mutations in the fukutin- 
related protein. The foundation does this by building a comprehensive view of the 
entire LGMD2I research landscape, supporting the most promising research proj-
ects, and coordinating and managing the scientifi c process. 

 The Kurt+Peter Foundation (  http://kurtpeterfoundation.org    ) was formed by the 
family and friends of Kurt and Peter Frewing to raise money and direct it into the 
hands of the researchers who have the best shot at developing a treatment or cure for 
LGMD2C, which is caused by mutations in the gamma sarcoglycan gene. Since 
2010, the Kurt+Peter Foundation has raised more than $1 million for research into 
LGMD2C. Among other initiatives, the foundation is currently funding develop-
ment of an exon skipping compound that the foundation hopes will treat the major-
ity of LGMD2C mutations.  

    Myotonic Dystrophy (DM) 

 The Myotonic Dystrophy Foundation is focused on supporting and driving the 
research, resources, and community capacity needed to achieve the fi rst clinical 
trials for myotonic dystrophy treatments, while providing comprehensive support 
and education to families living with this disease. The foundation’s web site pro-
vides listings for support groups, a blog, details of ongoing research, and links to 
social media sites such as Facebook and Twitter. Both are updated regularly, and 
the organization is partnered with MDA. Individuals may join the Myotonic 
Dystrophy Family Registry, which gives the members access to research data and 
anonymous information regarding individuals also living with this particular genre 
of dystrophy. 

 MDA also has a focus on DM.  
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    Oculopharyngeal MD (OPMD) 

 This form of MD is covered by the MDA and NORD. 
 Outside of the patient advocacy groups, other sources of information on MD 

include medical, healthcare system, academic, and government institute web sites. 
Examples include WebMD, Medline Plus, Medscape, Genetics Home Reference, 
the Mayo Clinic, Johns Hopkins Medicine, the University of Maryland Medical 
Center, National Center for Biotechnology Information, and National Human 
Genome Research Institute. 

 Overall, patient advocacy is extremely important in encouraging new research in 
every kind of MD, increasing awareness of the disease among policy- makers, and 
providing resources to positively impact the everyday life of patients living with 
MD. This can be a rewarding area for patients who wish to be involved in changing 
their own lives and those of others affl icted by this group of diseases.   

    Non-U.S. Patient Advocacy Groups 

 Because some of the forms of MD are so rare, little information is available in the 
U.S.; therefore, a patient with a very rare form of MD may need to look outside of 
the U.S. to get additional information. Although beyond the scope of this chapter to 
discuss in detail, one Website worth mentioning is Treat-NMD. Treat- NMD (  www.
treat-nmd.eu    ) is a neuromuscular network that provides a list of global registries 
that can be accessed at   http://www.treat-nmd.eu/resources/patient- registries/list/    . 
Queries can be made by going to the disease information tab, picking a disease, and 
then on left-hand side menu, a “patient organizations” tab can be clicked to view the 
worldwide list of organizations for that disease.     

 Learning About FSHD: Tips for Patients 

  Meredith L. Huml  

 As a MD sufferer—I was diagnosed with FSHD at Duke University’s MDA 
Center in 2003—the best advice I could offer someone who is newly diag-
nosed would be, “Don’t hesitate to educate yourself on your disease.” Figuring 
out what exactly you are dealing with and how you can help yourself and your 
loved ones will make the situation easier to cope with as a whole. 

  Connect with Advocacy Groups & Other Patients  
 Fortunately, awareness of MD continues to grow. Scientists continue to pro-
duce more fi ndings and hopefully one day, there will be a cure for every type 

(continued)
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of MD. As our world becomes more connected, it is easier to read up on 
updates in research, learn the symptoms and causes of your malady, and con-
nect with others through social media. Patient advocacy is vital in fi ghting 
MD, as it is with any medical condition, especially those with limited aware-
ness and no cure at this point in time. There is always the option of making a 
donation to  organizations that fi ght against MD, setting up a fundraiser for the 
cause, or working at a summer camp for children affl icted. Using your voice 
is an important tool as well. The MDA provides a page in which you can fi nd 
your elected offi cials who vote on important pieces of legislation affecting 
MD patients and their families. 

  Ask for Help When You Need It  
 As a patient, I understand that this disease comes with more than just physical 
side effects. It can be humiliating, frightening, stressful, disheartening, and 
confusing. I was diagnosed with depression in high school after I began to 
accept the changes going on in my body, and when I began to try and accept 
and recognize my limitations. Even without the daily struggle of coping with 
MD, it can sometimes be diffi cult and embarrassing to admit our weaknesses 
and to ask for help when we need it. We want to be independent, we want to 
take care of things ourselves, we want to say “I did this for myself. I didn’t 
need help.” 

 I am still learning how to ask for help. I am learning how to undermine my 
stubbornness, I am learning to talk about and admit openly the simple truth 
that I am physically weaker than most people that I encounter. I am learning 
to offer a compromise when invited to do things I may not have the strength 
to do, or learn how to tell others I’m going to have to “sit this one out,” I am 
learning to watch others run and dance and climb with joy instead of resent-
ment, jealousy, and anger. 

  Try Exploring New Pastimes  
 It is easy to feel cheated when you don’t have the same opportunities and it is 
easy to feel excluded. I began dance when I was three years old. I fell in love 
with it. It was a way to be active in a fashion that I felt coincided with my very 
soul, and it was a way for me to get stress out. I took tap dance classes, I took 
ballet, I took hip-hop, modern/contemporary. Being in a studio was like being 
at a different kind of home. When I was forced to take a lower level dance 
class as a sophomore in high school, the same one I had taken as a freshman, 
I was angry. I couldn’t physically keep up with the higher level classes, and it 
tore at me. I had been a dancer for years and years, I could choreograph a 
routine in a short amount of time, I knew how to do all the moves, I heard 
counts and beats in every song I heard. I day-dreamed routines in my 
mind, I couldn’t listen to a song without wanting to move some part of me. 

(continued)
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After my sophomore year, I admitted defeat to myself. I stopped dance alto-
gether. I canceled my subscription to my dance magazine and shoved my 
tights and leotards in the bottom of my drawer. To give up something that 
seems like your life, something that you’re passionate about, is torturous. It 
brings about some of the emotions I previously mentioned. As someone with 
MD, you are most likely able to relate. To give up something like that, and on 
top of that, sometimes even simple daily tasks, is a complete life changer. And 
seeing others accomplish things you wish to as well is frustrating. 

  Enjoy Simple Pleasures  
 There is, however, good news. There is always a silver lining if you choose to 
look close enough. You did not choose this, your loved ones who suffer from 
MD did not chose this. Blaming yourself, blaming others, and being angry is 
something that will cripple you even more. Let any anger you feel serve as 
motivation for something great, or throw it away. You may be unable to run 
down the soccer fi eld, you may not be able to climb mountains by yourself, 
you may have to give up things you fi nd hard to. There are other things you 
can try, other hobbies you can fi nd. I threw myself into art and writing, and 
found that I have somewhat of a talent for both that I am working on further-
ing developing. Negative emotions are hurtful, but you can put them into 
words that others may relate to, you can let them fl ow through a paintbrush, 
you can sing them for a loved one. There is still a beautiful life that you can 
fi t into just as easily as anyone else, and you are no lower than anyone else just 
because maybe you need help reaching for that cup on the top shelf. You have 
a unique perspective as a person with MD. You may possess a greater apprecia-
tion of the simpler things in life, you may be less judgmental as you under-
stand that everyone has their own struggles in life, and just because you can’t 
always see or understand them does not mean they do not exist. You may be 
more compassionate due to the fact the compassion towards yourself is greatly 
appreciated, that when someone asks for help it might mean the world to them 
just as my friends piggy-backing me up hills without annoyance or frustration 
means the world to me. You may learn how to cope better, or you may develop 
better coping skills from having to deal with so much yourself on a daily basis. 

 I struggled many years worried about what I later discovered were rather 
silly things. People who truly love you DO want to help you, even if they 
don’t always know the right way, the right things to say or do. While I was 
generally embarrassed and felt sometimes annoying, I’ve been told many 
times things like “It’s not even a big deal. It’s cute anyway! I’d give you 
piggy-back rides regardless if you wanted.” 

 It takes courage to be open. Walking in public places might get you many 
stares or whispers. I’ve heard countless mentions of how thin I am, or how my 

(continued)
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gait is slightly off. While it is sometimes hurtful, I’ve learned to either address 
the situation by using it as an opportunity to politely educate someone, or 
simply ignore it. What others say of you says more about them than it does 
you. Some people simply haven’t heard of MD. It doesn’t necessarily mean 
they are uncaring or cruel. A girl I once sat by in a class of mine used to tell 
me nearly every day that I should eat more, because I looked sickly. For sev-
eral weeks I either laughed it off or mumbled back things like “yeah, maybe.” 
After a while I fi nally mustered the courage to tell her that I was only thin 
because of my condition, and I actually ate more than a man going through 
college. Not only did she feel extremely guilty (which wasn’t my goal), but 
she learned something new and started helping me gather my things after 
class, offering to carry my books if I needed. 

  Smile the Best Way You Can  
 Never take situations like this personally; you are beautiful no matter your 
capabilities or your appearance. Living with any disease is hard. MD has 
posed many obstacles for me, has brought many tears, and has made me ques-
tion things I probably normally wouldn’t without it. I am growing a greater 
appreciation for MD every day, however odd that may sound. It has taught me 
compassion, it has taught me forgiveness, it has taught me humility, courage, 
and appreciation. Life does not often go as planned, and we must learn to 
accept that and use it to our advantage. So, while people telling to smile big-
ger has always bugged me due to the fact I’ve lost some muscles in my cheeks, 
I urge you to smile in the best way you can. It is okay to hurt, it is okay to cry, 
it is okay to feel sad and lazy some days. It will rain some days, just remember 
the good weather, and know that it is coming. Don’t be afraid to let others help 
you, and don’t be afraid to offer your help to others. I wish you much peace, 
plenty of love, and safety in your journey. 

(continued)
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    Chapter 14   
 Global and National Patient Registries 

             Raymond     A.     Huml     

           Introduction 

 An muscular dystrophy (MD) patient registry is a collection of secondary data 
related to patients (and therefore may include family members) with one of the nine 
types of MD. Registries can vary in sophistication from simple MS Excel spread-
sheets that can be accessed only by a small group of physicians, to very complex 
databases that are accessed online across multiple institutions. 

 Due to the small numbers of patients with MD, it is important to identify patients 
quickly in order to share rapidly evolving scientifi c advances with them, advocate 
for them, and provide opportunities to advance our scientifi c knowledge about each 
type of MD so that, ultimately, a cure can be found. 

 Registries can play multiple roles including identifying MD patients for scien-
tifi c research, clinical trials, and later, as products/drugs are approved for the treat-
ment of MD, in the post-marketing surveillance of pharmaceuticals. Registries can 
also provide healthcare providers or patients with reminders of the need to undergo 
certain tests in order to reach quality goals. 

 Registries are less complex and simpler to set up than an electronic medical 
record, which keeps track of all the patients a doctor follows, while a registry only 
keeps track of a small subpopulation of patients with a specifi c condition. 

 Currently, many registries are only offered in one geographic area or for just one 
or two types of MD. The Muscular Dystrophy Association (MDA), the largest MD 
patient advocacy group in the world, recognizing how diffi cult it is to identify and 
fi nd patients to study treatments for MD, is attempting to remedy this disparity and 
has posted two important news items applicable to patients affl icted with MD [ 1 ]:
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    1.    The fi rst, and most recent news item, is the solicitation for a patient registry and 
world map of people with certain types of myopathies (e.g., centronuclear 
[CNM]/myotubular myopathy [MTM]), which are being developed and are 
seeking participation from people with these disorders or their family members. 
This database is designed to allow researchers to better understand certain dis-
eases and locate participants for clinical trials and other research studies.

•    The registry site will initially make possible the study of the natural history of 
each disease, which is the fi rst step towards understanding the progression or 
course of the disease. This is especially important when determining if a new 
treatment or therapy has the potential to alter or stop disease progression (as 
compared with using a placebo or sugar pill) in a clinical study. Natural his-
tory is defi ned by the National Cancer Institute [ 2 ] as “a study that follows a 
group of people over time who have, or are at risk of developing, a specifi c 
medical condition or disease. A study that collects health information to 
understand how the medical condition or disease develops and how to treat 
it.” An alternative is the defi nition provided by Posada and Groft [ 3 ]: “The 
natural course of a disease from the time immediately prior to its inception, 
progressing through its presymptomatic phase and different clinical stages to 
the point where it has ended and the patient is either cured, chronically dis-
abled or dead without external intervention.”  

•   Given the potential for this information to be misused (e.g., individuals being 
targeted by insurance companies), patient privacy is protected and de- 
identifi ed information will be shared only with “selected members of the 
research community” and a Scientifi c Advisory Board.  

•   Registrants will receive email updates on research progress and be notifi ed of 
trial participation opportunities. A de-identifi ed “pin” will be added to the 
global map after a participant has given his or her approval for the posting.  

•   “This information is crucial for helping us to understand the demographics 
of our community,” says the foundation’s website. “If you know of anyone 
affected with CNM/MTM, please direct them to this website and ask them 
to register.”      

   2.    Currently, the lack of a fully operational central registry database for patients 
with MD is problematic. With so many smaller registries scattered across the 
U.S., it is diffi cult for researchers to fi nd enough patients to fulfi ll enrollment 
requirements for a proposed MD clinical study. Therefore, to address this 
issue, Quintiles, a biopharmaceutical services company, and the MDA 
announced a new partnership in October 2013 [ 4 ], to develop and implement 
the U.S. Neuromuscular Disease Registry, a patient registry that will play an 
important role in determining effective treatments for people with MD and 
related muscle diseases.

•    According to MDA’s Website, “We are making remarkable progress in 
researching new lifesaving treatments and cures for neuromuscular diseases 
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as we move from bench to bedside in clinical trials,” said MDA Executive 
Vice President & Chief Medical and Scientifi c Offi cer Valerie Cwik, M.D. 
“We are committed to changing and saving the lives of the individuals and 
families we serve, and the U.S. Neuromuscular Disease Registry brings us 
one step closer to answering critical clinical and research questions that will 
improve quality of care.”  

•   Quintiles was awarded the project based on its depth of experience in post- 
marketing research, multistakeholder strategy, and systems-oriented approach 
to registry design and development [ 3 ]. “Patient registries are an increasingly 
important component of real-world evidence development for understanding 
the cause of disease and identifying effective treatments,” said Richard 
Gliklich, M.D., then president of Quintiles Real World & Late Phase Research. 
“In designing the U.S. Neuromuscular Disease Registry, our goal is to create 
a research and collaboration platform that will enable physicians, patients, 
caregivers and others involved in MDA’s mission to collaborate to advance 
new treatments for patients.”  

•   MDA will use the registry to study the natural history of MD and related 
muscle diseases, collect information on practice patterns, inform care guide-
lines, and improve quality of care for patients. The registry is currently 
available at 25 medical clinics within the organization’s national network, 
with plans to expand to their full network of 200 clinics. It will gather data in 
a common format across neuromuscular diseases, starting with amyotrophic 
lateral sclerosis (ALS), Becker muscular dystrophy/Duchene muscular dys-
trophy (BMD/DMD), and spinal muscular atrophy (SMA), with plans to 
collect data on three other neuromuscular diseases within three years.       

  Other registries are available throughout the world and may be specifi c for cer-
tain types of MD [ 5 – 7 ]. These registries can help patients with MD network with 
others who have the same disease or have a special interest in developing therapies 
for patients affl icted with a certain type of MD (e.g., caregivers, physicians, and 
research scientists). 

 Take, for example, The Myotubular and Centronuclear Myopathy Patient 
Registry (also referred to as “MTM and CNM Registry”), which is an international 
database managed from the UK and operated by the Myotubular Trust. According 
to their Website, the registry was developed in partnership with TREAT-NMD 
(Neuro Muscular Network) and with a number of leading neuromuscular research-
ers and plans to:

•    Help identify patients for relevant clinical trials as they become available  
•   Encourage further research into MTM and CNM  
•   Provide researchers with specifi c patient information to support their research  
•   Assist doctors and other health professionals by providing them with up-to-date 

information on managing MTM and CNM, to help them deliver better standards 
of care for their patients.  
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•   The requirements for registration include:

 –    All patients, with a MTM or CNM diagnosis, which has been confi rmed via 
genetic testing or muscle biopsy.  

 –   Any carrier females of x-linked MTM, especially if they have manifested 
MTM type symptoms.  

 –   Any patient who is deceased, but who had a confi rmed diagnosis.  
 –   Any patient who wishes to receive information only.     

•   Their aim is, in part, to “get a good insight into the numbers of people affected.”    

 Another example is a patient registry for myotonic dystrophy (DM) and FSHD 
which was started in the U.S. as part of a National Institutes of Health (NIH) grant 
(e.g., NIH contract # N01-AR-02250). Starting in 2001, the project established a 
national research registry for people with the diseases and their families. The registry—
established by the National Institute of Arthritis and Musculoskeletal and Skin 
Diseases (NIAMS) and the National Institute of Neurological Disorders and Stroke 
(NINDS), both parts of the NIH—is based at the University of Rochester (Rochester, NY). 

 Registry scientists sought out and classifi ed patients with clinically diagnosed 
forms of myotonic dystrophy (DM) and FSHD and stored their medical and family 
history data. The registry is a central information source where researchers can 
obtain data for analysis associated with these diseases. 

 The registry’s scientifi c advisory committee made recommendations about 
enrollment criteria, monitored and improved ways to recruit patients and investiga-
tors, and assessed progress. It also revised and extended methods for collecting and 
handling data and determined possible clinical studies. 

 NIAMS Director Stephen I. Katz, M.D., Ph.D., said, “This national registry will 
be an important resource to provide hope to families and encourage scientists in 
fi nding a cure for these two disabling diseases. It will also hasten the course of 
research for more in-depth answers to what happens in muscular dystrophy.” 

 Richard Moxley III, M.D., was the lead investigator for the registry. “Research 
has uncovered recent clues to genetic, chromosomal and DNA errors in those with 
DM and FSHD,” he said. “I am pleased to lead scientists in collecting and analyzing 
new research data for better treatments for these two diseases.” 

 DM and FSHD are two of the nine types of MD. They can be detected through 
testing at birth and may be passed from one generation to the next. Both cause pro-
gressive, disabling weakness. In addition, DM sometimes results in sudden death. 

 Similar to the MDA in the U.S., the EU has important groups dedicated to help-
ing those affl icted with MD, such as Treat-NMD. This group’s Web site posts its 
mission statement as follows:

     TREAT-NMD is a network for the neuromuscular fi eld that provides an infrastructure to 
ensure that the most promising new therapies reach patients as quickly as possible. Since its 
launch in January 2007 the network’s focus has been on the development of tools that 
industry, clinicians and scientists need to bring novel therapeutic approaches through pre-
clinical development and into the clinic, and on establishing best-practice care for neuro-
muscular patients worldwide. 
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      The Web site also includes a useful section on patient registries that demonstrates 
the fundamental thinking—and potential scientifi c utility—of any registry:

•    A patient registry collects information about patients who are affected by a 
 particular condition.  

•   When planning a clinical trial, it is very important that eligible patients can be 
found and contacted quickly. The best way for this to happen is through a data-
base or “registry” that contains all the information that researchers will need. 
Patients’ clinical and genetic details are collected and made easily available for 
the researchers.  

•   Scientifi c advances over recent years have led to substantial changes in the treat-
ment of many neuromuscular diseases. Several new therapeutic strategies which 
target specifi c genetic defects are being developed. For some of these treatments, 
plans are already in place for large studies involving patients from more than one 
country.  

•   Any potential new treatment needs to be tested under strictly controlled circum-
stances to make sure that not only are participants safe but, that any notable 
changes can be attributed to the treatment and not to external factors. This allows 
researchers to ensure that all potential new therapies are both safe and effective.  

•   Due to the nature of rare diseases, scientifi c approaches differ from those used 
for common diseases. Finding enough patients who might be eligible to partici-
pate in trials for rare neuromuscular conditions can take years without a patient 
registry, delaying the testing of potential therapies.    

 Because there are multiple registries, it can be confusing for both the newly diag-
nosed patient and the caregiver. In general, for those who are unfamiliar with a 
certain type of MD, most patient advocacy groups provide links and post informa-
tion for patients and their caregivers [ 8 ]. For example, the FSH Society Website has 
a “For Patients” link that lists how FSHD researchers and clinical trials are con-
nected through their own list as well as their connection to the NIH. According to 
their Website:

•    A disease registry or patient registry is a database of information on patients with 
a particular disease, such as FSHD, that can be accessed and used by researchers, 
clinicians, and physicians interested in working on the disease. Registries are 
especially valuable in diseases like FSHD where access to patients and materials 
is limited. The collected information contained within the registry is used to 
increase the understanding of FSHD by allowing doctors, clinicians, and 
researchers to access patients and biomaterials. Many more research projects and 
avenues of investigation will result from FSHD patients and their families sign-
ing up and becoming involved!  

•   There are several disease research or patient registries available for FSHD in the 
U.S.:

 –    The FSH Society maintains a FSHD registry of patients and families wishing 
to become involved in research.  
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 –   The NIH funds the National Registry of Myotonic Dystrophy and 
Facioscapulohumeral Muscular Dystrophy Patients and Family Members. 
The National Registry helps individuals and families with FSHD participate 
in research on their disease. It helps investigators accomplish their research 
by connecting them with people who have FSHD and it acts as a resource to 
facilitate more research on FSHD.        

    Summary 

 Due to the small numbers of patients with MD, it is important for patients with MD 
(and their caregivers) to be aware of patient and disease registries in order to access 
the latest scientifi c information and be provided with the opportunity to become part 
of scientifi c investigations. Registries can be a good way to gain access to clinical 
studies which, after a positive risk/benefi t assessment is made by the patient and the 
patient’s caregivers, provide opportunities to obtain disease modifying, or possibly 
even curative, therapies. 

 For patients living in the U.S., contacting the MDA is the logical fi rst step to fi nd 
a registry for a particular type of MD. Other smaller patient advocacy groups, such 
as the FSH Society, may offer more patient-specifi c details, as they are sometimes 
staffed or founded by individuals affl icted by the disease.     
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    Chapter 15   
 Summary 

             Raymond     A.     Huml     

        Muscular dystrophy (MD) comprises a group of diseases that are clinically mani-
fested as progressive muscle weakness with associated loss of mobility, agility, and 
body movements due to defects in genes for the production of muscle proteins. 
Devastating to patients, families, and caregivers, and clinically known for over 150 
years, there is as yet no cure for MD. 

 Despite the challenges to fi nding a cure, however, the proteins and structures 
involved in certain disease processes are increasingly being elucidated, raising the 
number of potential pharmaceutical targets, and resulting in heightened interest in 
investment, partnership, and collaboration. In addition, several companies pursing 
potential treatments for MD have advanced to the Phase II and III stages of clinical 
drug development, and one product may be fully approved in the near future. 

 There are at least nine major types of MD: Duchenne (DMD), Becker (BMD), 
congenital, distal, Emery-Dreifuss, facioscapulohumeral (FSHD or FSH), limb- 
girdle, myotonic dystrophy, and oculopharyngeal. Most of the pharmaceutical and 
regulatory efforts to date have focused on DMD, because it is the most severe and 
because of considerable scientifi c advances regarding its pathology, and BMD, 
because its disease mechanism is related to DMD. 

 MD can be inherited in three ways: (1) autosomal inheritance (from a normal 
gene from one parent and an abnormal gene from another parent), (2) autosomal 
recessive inheritance (both parents carry and pass on the faulty gene), and (3) 
X-linked recessive inheritance (when a mother carries the affected gene and passes 
it on to her son). Sporadic cases may also arise as a result of de novo mutation, in 
the absence of any family history of affected individuals. The distribution of weak-
ness in MDs includes a limb-girdle pattern, with shoulder and hip girdle muscle 
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involvement; a humeroperoneal pattern, with predominantly triceps, biceps, and 
peroneal muscles weakness; or a distal pattern, with distal weakness in the legs and 
arms. The prevalence of MD ranges from 1.3 to 96.2 per million, with DMD being 
most prevalent among boys during childhood, and myotonic dystrophy as one of the 
more common forms of MDs worldwide. Traditionally, the classifi cation of MD is 
based on a combination of clinical and pathological criteria, including age of onset 
and distribution of muscle weakness, the extent of disease progression, associated 
symptoms, systemic features, family history, serum creatine kinase, muscle histol-
ogy, as well as electromyography and nerve conduction studies (EMG/NCS). 
Increasingly, diagnosis requires genetic confi rmation, as there can be considerable 
variations and overlaps in the clinical phenotypes. 

 FSHD is a complex, inheritable muscle disease. Although frequently cited as the 
third most common type of MD in older reports, many newer sources rank FSHD as 
the most prevalent type of MD, occurring at a rate of some 7 cases/1,000 persons, 
as compared with DMD/BMD (5 cases/1,000) and myotonic dystrophy (4.5 
cases/1,000). The identifi cation of FSHD as the most common type of MD has 
important ramifi cations, for example, when allocating future Federal (U.S.) funding 
for research, and in terms of the potential market size for future FSHD treatments. 
FSHD has only recently attracted attention from the pharmaceutical industry, 
largely due to signifi cant advances in the understanding of the gene/mechanism of 
disease, including over-expression of a protein called DUX4. Most individuals 
with FSHD inherit the mutation from a parent with the disease, with 10–33% of all 
FSHD cases resulting from a de novo (or sporadic) mutation. The major symptom 
of FSHD is progressive weakening and loss of skeletal muscles. The usual location 
of these weaknesses at onset is the origin of the name: face (facio), shoulder girdle 
(scapulo), and upper arms (humeral). There is currently no disease modifying treat-
ment or cure for FSHD. Most treatments proposed to “treat” FSHD have not yet 
been tested in randomized clinical trials. These may include: hormone supplemen-
tation, protein supplements (creatinine monohydrate), or drugs used to decrease 
infl ammation (e.g., prednisone). To better understand and validate their use, many 
are now being properly investigated in clinical trials. 

 Duchenne and Becker MD are allelic disorders caused by mutations of the 
DMD gene located on Xp21, which encodes for the dystrophin protein. DMD is 
the most common form of MD in childhood, with an estimated incidence of 1 per 
3,500 live-born males, and a pooled prevalence of DMD of 4.78 per 100,000 males 
worldwide. BMD is a generally milder and more variable form of dystrophinopa-
thy, with an incidence of 1 in 18,518 male births, and a pooled prevalence of 1.53 
per 100,000 males worldwide. Diagnosis is based on careful review of the clinical 
features and confi rmed by additional investigations including muscle biopsy and/
or genetic testing. Suspicion of the diagnosis of DMD is usually triggered in one 
of three ways, including (1) most commonly, the observation of abnormal muscle 
function with signs of proximal muscle weakness in a male child; (2) the detection 
of elevated serum creatine kinase as part of routine screening; or (3) the presence 
of elevated liver enzymes including aspartate aminotransferase and alanine amino-
transferase. Current strategies include promoting proper nutrition, delaying onset of 
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 complications, and optimizing health outcomes through on-going support. 
Pharmaceutical interventions include corticosteroids for skeletal muscle weakness 
and afterload reduction for cardiomyopathy. Early recognition and precise genetic 
diagnosis may allow for new therapeutic options for DMD. 

 Even though there is currently no cure, respiratory intervention and other sup-
portive strategies have led to improved survival and better health-related quality of 
life for many affected individuals. For example, patients with DMD lived on aver-
age until their late teens in the 1950s; today, they typically live until their late 20s or 
30s, which is largely attributable to better supportive care. This may include nonin-
vasive ventilation during the day, and at night, orthopedic care and preventive mea-
sures. Current treatment is focused on symptomatic management and rehabilitation, 
and monitoring for disease complications. 

 Accurate diagnosis is important as a fi rst step for managing MD. This involves 
a targeted history and examination, biochemical and genetic testing—sometimes 
with additional testing such as muscle biopsy—neurophysiological assessment, 
and muscle imaging. Muscle biopsy used to be the gold standard; however, it is 
increasingly being replaced by genetic testing. Muscle imaging is becoming more 
widely accepted as it is noninvasive and various forms of MD often result in 
unique patterns. 

 There has been progress in ICH countries toward issuing regulatory guidance 
for development of drugs for certain types of MD. The EU is most advanced, with 
draft guidance for DMD and BMD issued in 2013, and a concept paper published 
in 2011. The U.S. seems to be taking a conservative approach, relying on current 
programs—such as Fast Track Designation, Breakthrough Therapy Designation, 
Accelerated Approval, and Priority Review—to help sponsors of MD therapies gain 
U.S. registration. In an unprecedented move, the FDA solicited the fi rst-ever draft 
guidance for industry written on behalf of a patient advocacy group with a focus on 
DMD, although it is possible that the Agency may choose not to formally adopt the 
proposed guidance. Since there is no other offi cial guidance in the U.S., the PPMD 
document serves as a precedent for other types of MDs. As of April 2015, there are 
no disease-modifying products approved for the treatment of MD, but that situation 
may soon change. In May 2014, reversing an earlier rejection, the EU Committee 
for Medicinal Products for Human Use (CHMP) recommended early (conditional) 
approval for PTC Therapeutics’ ataluren, a potential treatment for DMD. If the 
European Commission supports this decision, ataluren would be the fi rst product 
approved, albeit conditionally, for MD—until the fi nal Phase III data is available. 

 No MD products have yet been approved in the U.S., and signifi cant hurdles 
remain to gaining regulatory approval of products to treat all patients with MD. A 
major challenge in developing therapies is the considerable variation in the severity 
and rate of disease progression between individuals. Other hurdles include: diffi -
culty in defi ning and measuring the rate of change in this slowly progressing dis-
ease; variation in the goals of treatment at each stage of MD; the lack of protein 
identifi cation and complete understanding of the mechanism of action in certain 
types of MD (e.g., FSHD); lack of regulatory agreement on primary and secondary 
endpoints in the U.S.; and the fact that few patients are available or eligible for study 
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in clinical trials. Once drug developers identify enough patients to study, but before 
moving to clinical trials, they need to have a minimum understanding of the natural 
history for each type of MD and make sure that the preclinical data package justifi es 
the risk/benefi t for patients (and caregivers). Until clinical endpoints and other key 
clinical trial design features are provided in U.S. and EU regulatory guidance, spon-
sors of drugs will need to collaborate with regulatory agencies on a case-by-case 
basis and early solicitation is encouraged. Despite the challenges, substantial prog-
ress has been made and there are a number of late stage candidates in clinical devel-
opment primarily for DMD. More work is urgently needed to address the other eight 
types of MD. 

 Regarding patient advocacy groups, the fi rst point of call for information and 
support for newly-diagnosed MD patients and their caregivers in the U.S., is the 
Muscular Dystrophy Association (MDA,   www.mda.org    ). Other disease-specifi c 
groups for several of the nine forms of MD are presented in Chapter   13    . 

 MD registries—collections of secondary data related to patients with one of the 
nine types of MD—can vary in sophistication from simple spreadsheets accessible 
only by a small group of physicians, to complex databases accessed online across 
multiple institutions. Registries can help identify MD patients for scientifi c research, 
clinical trials, and later, as products/drugs are approved for the treatment of MD, in 
the post-marketing surveillance of pharmaceuticals. Registries can also give health-
care providers or patients reminders of the need to undergo certain tests in order to 
reach quality goals. At present, many registries cover only one geographic area or 
one or two types of MD. The MDA is attempting to remedy this disparity with two 
initiatives. First, it is seeking participation from patients with certain myopathies in 
a patient registry and world map. This database is designed to allow researchers to 
better understand certain diseases and locate participants for clinical trials and other 
research studies. Second, to address the lack of a fully operational central registry 
database for patients with MD, the MDA and Quintiles, a biopharmaceutical ser-
vices company, formed a partnership in October 2013 to develop and implement the 
U.S. Neuromuscular Disease Registry. 

 At no time in the history of MD has the future looked brighter. With over 240 
studies listed in the U.S.—and at least 11 candidates in the later phases of drug 
development (e.g., Phase II or Phase III)—the stage is set for positive change. 
More groundwork is needed, however, such as the conduct of natural history stud-
ies, establishment of more global patient registries, and completion of additional 
genetic and molecular studies, to better understand MD and to identify promising 
targets. Indeed, it has historically proven diffi cult to fi nd preclinical and animal 
models of disease. Several promising approaches to DMD are in the pipeline, 
including: “exon skipping” drug candidates, which target the mutation that occurs 
in the gene for dystrophin in individuals with DMD; gene therapy, aimed at intro-
ducing a healthy synthetic copy of the dystrophin gene into the muscles to restore 
production of dystrophin; “reading through stop signals” by targeting a specifi c 
type of mistake in the genetic code called a nonsense mutation, which prevents the 
production of full-length functional proteins; stem cell therapy, where donor cells 
are injected with the aim of creating healthy muscle fi bers; utrophin upregulation, 
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aimed at increasing levels of utrophin, a protein that is functionally similar to 
dystrophin; and reducing muscle damage. As ongoing studies are completed, it is 
hoped that the mechanism of disease will become better elucidated, more targets 
will be identifi ed, and more companies will be willing to invest in clinical trials.   

15 Summary



181© Springer International Publishing Switzerland 2015 
R.A. Huml (ed.), Muscular Dystrophy, DOI 10.1007/978-3-319-17362-7

  A 
  Abdominal and footextensor muscles , 10  
   Accelerated Approval and Priority Review , 

2, 120, 122, 177  
   Adaptive equipment.    See  Orthotic 

intervention/adaptive equipment 
   Adulthood 

 commencement , 58  
 communication , 62  
 complex medical conditions , 55  
 early care , 55  
 education , 59–60  
 grow up, timetable , 57  
 guidance , 62  
 healthcare , 57  
 life expectancy , 55  
 psychological models , 56  
 quality of life , 62  
 relationships , 56  
 self-advocacy , 58–59  
 self-care , 60–61  
 social interactions , 59  
 survey , 55–56  
 transition , 61–62  

   Adult onset type 1 myotonic dystrophy , 40  
   AFOs.    See  Ankle-foot orthotics (AFOs) 
   AICD.    See  Automatic implantable cardioverter 

defi brillator (AICD) 
   Alanine aminotransferase , 24, 176  
   ALDA.    See  Automated LGMD Diagnostic 

Assistant (ALDA) 
   Alpha-dystroglycan-related dystrophies , 43  
   ALS.    See  Amyotrophic lateral sclerosis (ALS) 
   American Academy of Pediatrics on a 

diagnostic algorithm , 124  
   Amyotrophic lateral sclerosis (ALS) , 157, 158  

   Andersen, S.P. , 109  
   Angelini, C. , 5  
   Ankle-foot orthotics (AFOs) , 15, 28, 80–82, 87  
   Antisense oligonucleotides , 25, 151, 154  
   Aspartate aminotransferase , 24, 176  
   Assessment tools, ICF , 75, 79  
   Assistive technology , 92–93  
   Ataluren 

 PTC124 , 25, 151  
 PTC therapeutics , 119, 148, 151, 153–154, 

177  
 type of mutation , 1  

   ATYR1940 , 155  
   Automated LGMD Diagnostic Assistant 

(ALDA) , 162  
   Automatic implantable cardioverter 

defi brillator (AICD) , 44  
   Autosomal dominant 

 DM , 38  
 FSHD , 11–13, 108  
 LGMD , 46  

   Autosomal inheritance , 6, 175  
   Autosomal recessive inheritance , 6, 37, 142, 175  

    B 
  Bakhtiary, A.H. , 109  
   Becker muscular dystrophy (BMD) 

 allelic disorders , 176  
 calf hypertrophy , 22  
 cardiac involvement , 91  
 cellular targets , 26  
 characteristics , 5  
 diagnosis , 23–24  
 dystrophinopathy , 21  
 EU regulatory guidance , 120  

                       Index 



182

 Becker muscular dystrophy (BMD) (cont.) 
 gene therapy , 25  
 genetic and molecular mechanisms , 37  
 genetics , 23  
 and LGMD , 46  
 muscle regeneration , 26–27  
 muscle weakness , 22  
 non-operative management , 108  
 operative management , 108  
 patient advocacy groups , 160  
 PCT therapeutics , 1  
 scoliosis , 107  
 U.S. clinical trials , 149, 160  

   Beevor’s sign , 11  
   Bell, Sir Charles , 5  
   Biomarkers 

 DMD clinical trials , 124, 127, 128  
 PPMD guidance , 123  

   BMD.    See  Becker muscular dystrophy (BMD) 
   Breakthrough Therapy Designation , 2, 120, 

122, 154, 177  

    C 
  Calpainopathy , 47, 163  
   Cardiac arrhythmia 

 autosomal dominant disorders , 38  
 congenital MD , 39  
 diagnostics , 41  
 DM2 , 40  
 DMD , 28  
 FSHD , 11  
 management , 67  

   Cardiac tests , 14, 67  
   Cardiomyopathy 

 ACE inhibitors , 67  
 alpha-dystroglycan , 43  
 atrial arrhythmogenic , 44  
 dilated , 22, 43, 45, 91  
 DMD , 27–28  
 hypertrophic , 91  
 LMNA-CMD , 44  
 pharmaceutical interventions , 24  
 progressive muscle degeneration , 22  
 reduction , 177  
 treatment , 24, 27, 28  

   Case, L.E. , 73–93  
   Cecil B Day Family, Inc. (LGMD2B) , 162  
   Childhood onset type 1 myotonic dystrophy , 39  
   CK.    See  Creatine kinase (CK) 
   Classifi cation of muscular dystrophies , 37  
   Clinical management , 73  
   Clinical presentation , 73, 162  

   Clinical trial design issues , 134  
   Clinical trial development 

 DMD guidance , 139  
 pharmaceutical treatments 

 discovery phase , 146  
 FDA foundation building , 146–147  
 in vitro and in vivo process , 146  
 marketing phase , 146  
 phase I, II, III clinical trials , 146  
 phase IV clinical trials , 146  
 phase IV post-marketing studies , 147  
 PMDD , 147  
 preclinical phase , 146  
 registration process , 146  

   Closet wheelchairs , 17  
   CMD.    See  Congenital muscular dystrophy 

(CMD) 
   Coalition to Cure Calpain 3 (C3) (LGMD2A) , 

162–163  
   Collagen VI defi ciency , CMD, 43  
   Comparative genomic hybridization (CGH) 

microarray , 24  
   Congenital muscular dystrophy (CMD) 

 advantages , 42  
 alpha-dystroglycan , 43  
 classifi cation , 42  
 collagen VI defi ciency , 43  
 differential diagnosis , 42, 46  
 ITGA7 , 45  
 ITGA9 , 45  
 LAMA2 gene , 42  
 LMNA , 44  
 management , 45  
 merosin-defi cient , 42  
 mutations in metabolic pathway genes , 45  
 patient advocacy groups , 160  
 RYR1-related myopathy , 44  
 SEPN1-related myopathies , 43–44  

   Conte, G. , 5  
   Contracture and deformity prevention 

 cardiac muscle , 90–91  
 compensations , 75  
 minimization, spinal deformity , 82–83  
 optimizing strength , 91  
 orthotic intervention   ( see  Orthotic 

intervention/adaptive equipment) 
 pain control , 91–92  
 scoliosis   ( see  Scoliosis) 

   Corticosteroids 
 anti-infl ammatory product , 27  
 BMD , 108  
 Cochrane review , 141  
 DMD and treatment, DM1 , 66–67  

Index



183

 glucocorticoid , 141  
 monitoring , 28  
 non-operative treatment of BMD , 108  
 pharmaceutical interventions , 177  
 side effects , 67  
 skeletal muscle weakness , 24, 27  
 treatments , 24, 27, 66–67, 177  

   Counseling 
 employment , 61  
 FSHD 

 LSCSW/LCSW , 15  
 medication and regular counseling 

sessions , 15  
 psychiatrist , 15  
 psychological , 15  
 psychologist , 15  

 genetic , 24, 45, 48, 61, 69–70  
 preconception , 59  

   Creatine kinase (CK) 
 collagen 6 defi ciency , 43  
 diagnosing FSHD , 14  
 diagnosis and management of LGMD , 48  
 DM , 41  
 LMNA-CMD , 44  
 α-sarcoglycan , 47  

   Cure CMD , 160  
   Cwik, V. , 171  
   Cytoskeleton protein upregulation , 26  

    D 
  Déjérine, J.J. , 9  
   Diagnosis 

 BMD , 23–24  
 CMD , 42–45  
 DM , 41  
 DMD , 22–24, 27, 139  
 FSHD , 3, 10, 14–15  
 and initial evaluation , 65–66  
 LGMD , 46, 48, 113–114  
 MD , 38  
 MTM/CNM , 172  
 testing , 140  

   Diagnostic testing , 140–141  
   Disease heterogeneity , 141–142  
   Disease progression 

 BMD , 114  
 delay , 134  
 DMD , 141, 150  
 extent of , 176  
 heterogeneity , 126–127, 141–142  
 PPMD Guidance , 126  
 quality of life , 75  

 rate of , 46, 111, 177  
 risk , 109  
 status , 124  

   Distal MD , 7, 150, 160  
   DM.    See  Myotonic dystrophies (DM) 
   DM1.    See  Type 1 myotonic dystrophy (DM1) 
   DM2.    See  Type 2 myotonic dystrophy (DM2) 
   DMD.    See  Duchenne muscular dystrophy 

(DMD) 
   DNA test , 14  
   Dose selection , 136  
   Double homeobox protein 4 gene (DUX4) 

gene , 10, 12, 176  
   Drisapersen 

 DMD , 154  
 and eteplirsen , 152  
 GSK , 122  

   Drug candidates 
 DMD , 151  
 exon skipping , 178  
 LGMDs , 162  
 nonsense mutations , 25  

   Drug development 
 Phase II and III stages , 175  
 product approval   ( see  Drugs product 

approval) 
   Drugs product approval 

 benefi ts and risk assessment , 134–135, 139  
 BMD , 131  
 challenges , 132, 142, 143  
 clinical endpoints , 140–141  
 clinical trial design issues , 134  
 delay to diagnosis , 139  
 developers , 143  
 differences, diagnostic testing , 140  
 DMD , 131  
 dose selection , 136  
 education and clinical awareness , 132  
 FDA documents , 132–133  
 FSHD , 131  
 gene therapy , 136  
 heterogeneity , 141–142  
 investigational drug  vs.  natural history , 132  
 lack of regulatory guidance , 138–139  
 lack of U.S. regulatory precedence , 137  
 long-term safety concerns , 135  
 natural history , 140  
 obstacles , 142  
 patient participation , 137–138  
 patient registry , 135–136  
 PPMD report , 138  
 regulatory guidance , 131  
 statistics , 137  

Index



184

   Duchenne Alliance , 160  
   Duchenne, G.B.A. , 6  
   Duchenne muscular dystrophy (DMD) 

 ankle-foot-orthotics , 29  
 anticipatory guidance , 29  
 bisphosphonates , 28  
 and BMD , 150  
 calves hypertrophy , 21  
 cardiac arrhythmia , 28  
 cardiac complication , 28  
 cardiomyopathy , 27, 28  
 cellular targets , 26  
 childhood , 105  
 clinical trials , 150–151  
 corticosteroids , 27, 28  
 creatine kinase (CK) , 22  
 defi nition , 46  
 defl azacort , 27  
 diagnosis , 23–24, 176–177  
 diagnostic genetic testing , 105  
 diagnostic tests , 151  
 drug candidates , 151, 178  
 drug development , 152–153  
 Duchenne Alliance , 160  
 dystrophin , 21, 23  
 ECG and echocardiogram , 28  
 EU regulatory guidance , 120  
 exon skipping , 151  
 FDA , 159  
 FED , 159  
 gene therapy , 25, 151, 178–179  
 genetics , 22–23  
 health surveillance and meticulous growth 

record , 29  
 high index of suspicion , 27–28  
 medical care of individuals , 29  
 molecular genetic testing , 22  
 multidisciplinary coordination of care , 27  
 muscle regeneration , 26–27  
 muscular weakness , 21  
 mutations , 176  
 night splints , 29  
 non-operative management , 106  
 nonsense mutation , 151  
 nutritional status , 29  
 operative management , 106–107  
 pharmaceutical interventions , 177  
 positive pressure ventilation , 22, 28  
 PPMD , 159  
 prednisone , 27  
 prevalence , 176  
 progression and natural history , 21  
 quality of life , 177  

 reading through stop signals , 151  
 reducing muscle damage , 151  
 respiratory insuffi ciency , 28  
 stem cell therapy , 151  
 therapeutic strategies , 24–25  
 treatments , 65, 66, 151, 177  
 treatment strategies , 27  
 U.S. regulatory guidance , 122  
 utrophin upregulation , 151  

   Dysferlinopathy , 48  
   Dysphagia , 39, 69  
   Dystrophin , 1, 21–26, 48, 108, 128, 143, 

150–155, 176, 178, 179  
   D4Z4 , 12, 66  

    E 
  ECG.    See  Electrocardiograms (ECG) 
   Echocardiography , 28, 41  
   EDMD.    See  Emery-Dreifuss muscular 

dystrophy (EDMD) 
   Education, adulthood , 59–60  
   Electrocardiograms (ECG) , 28, 41, 91  
   Electromyograph (EMG) , 14, 37, 41, 42, 66, 176  
   Electromyography and nerve conduction 

studies (EMG/NCS) , 37, 176  
   Electromyography studies , 37, 41, 42, 66, 176  
   Electronic wheelchair , 14, 16  
   Emery-Dreifuss muscular dystrophy (EDMD) 

 cardiac conduction defects , 91  
 and FSHD , 69  
 gene mutations , 46  
 myotonic dystrophy type I , 67  
 rigid spine syndromes , 86, 87  

   EMG.    See  Electromyograph (EMG) 
   EMG/NCS.    See  Electromyography and nerve 

conduction studies (EMG/NCS) 
   Endpoints for clinical trials 

 determination , 134  
 lack of acceptance , 137  
 primary and secondary , 143  
 with validation , 140–141  

   Eteplirsen , 123, 151, 152, 154–155  
   EU regulatory guidance 

 DMD and BMD , 119–121  
 documents , 121  
 draft , 120  
 effi cacy , 121  
 EMA , 120–121  
 ICH regions , 120  
 outcome measures , 122  
 scope , 121  
 study design , 121  

Index



185

   European Medicines Agency (EMA) regulatory 
guidance , 2, 119, 120, 121  

   Exon-skipping 
 antisense oligonucleotide , 25  
 DMD , 151  
 drug candidates , 178  
 eteplirsen , 155  
 LGMD2C mutations , 163  

    F 
  Facioscapulohumeral muscular dystrophy 

(FSHD) 
 advocacy groups & patients , 164–165  
 ATYR1940 , 155  
 autosomal dominance , 11–12  
 autosomal dominant disorder , 108  
 biomaterials , 161  
 clinical trials , 17  
 and deletion , 12  
 de novo (sporadic) mutation , 13  
 diagnosing , 14–15  
 DNA mutation causes , 12  
 DUX4 , 10, 12  
 D4Z4 , 12  
 enjoying pleasures , 166–167  
 exploring pastimes , 165–166  
 FSH Society , 160–161  
 identifi cation , 10, 176  
 iFSHD , 112–113  
 infantile , 12, 112–113  
 inheritable muscle disease , 176  
 Landouzy-Déjérine disease , 9  
 management , 65, 66, 69  
 market size , 10  
 mobility devices, patients , 16–17  
 molecular genetics and cellular 

biology , 161  
 non-operative management , 109  
 operative management 

 disease progression , 111  
 intra-operative complications , 112  
 lower extremities , 112  
 pre-operative evaluation , 111–112  
 procedures , 111, 112  
 pulmonary function , 111, 112  
 scapular stabilization , 109–110  
 scapulopexy , 110  
 scapulothoracic arthrodesis , 110  
 upper extremity , 111  

 orphanet , 9  

 prognosis , 13  
 psychiatry and psychological counseling , 15  
 respiratory insuffi ciency , 17–18  
 scoliosis , 108  
 seeking help , 165  
 SMCHD1 , 12  
 Steinert myotonic dystrophy , 9  
 symptom , 176  
 symptoms , 10–11, 13  
 treatments , 16, 176  

   FED.    See  The Foundation to Eradicate 
Duchenne (FED) 

   Food and Drug Administration (FDA) fast 
track designation , 2  

   The Foundation to Eradicate Duchenne 
(FED) , 159  

   Fred Hutchinson Cancer Center , 1  
   FSHD.    See  Facioscapulohumeral muscular 

dystrophy (FSHD) 
   FSHD1 , 12  
   FSHD2 , 12  
   FSH Society 

 components , 161  
 conduct research, increase awareness, 

understanding and education , 160  
 educate and recruit patients , 161  
 website , 11, 12, 15  

    G 
  Gene therapy 

 DMD , 151, 159  
 exon-skipping , 25  
 gene-replacement using virus vectors , 25  
 healthy synthetic copy, dystrophin gene , 151  
 nonsense suppression therapy , 25  
 and stem cell therapy , 145  

   Genetic counseling , 69–70  
   Genetic mechanisms 

 diagnosis of MD , 38  
 DM   ( see  Myotonic dystrophies (DM)) 
 LGMD   ( see  Limb-girdle muscular 

dystrophy (LGMD)) 
   Genetic testing , 65–66  
   Germline mosaics , 13, 142  
   Giannini, S. , 110  
   Gioja, L. , 5  
   GlaxoSmithKline (GSK) , 1  
   Gliklich, R. , 171  
   Goel, D.P. , 112  
   Groft, S.C. , 170  

Index



186

    H 
  Hilbert, J.E. , 66  
   Holter monitoring, cardiac management , 67  
   Hormone supplementation , 16, 176  
   Hubbard, E. , 105–114  
   Huml, M.L. , 157–167  
   Huml, R.A. , 1–3, 5–7, 9–18, 119–128, 

131–143, 145–155, 169–174, 
175–179  

   Huml, R.G. Jr. , 2  

    I 
  iFSHD.    See  Infantile facioscapulohumeral 

muscular dystrophy (iFSHD) 
   IGF-1.    See  Insulin growth factor (IGF-1) 
   Individuals with Disabilities Education Act , 

59–60  
   Infantile facioscapulohumeral muscular 

dystrophy (iFSHD) , 112–113  
   Infantile FSHD (IFSHD) , 112–113  

 characterization , 12  
 facial weaknesses , 13  
 symptoms , 13  

   Insulin growth factor (IGF-1) , 26  
   Integrin α7 (ITGA7) defi ciency , 45  
   Integrin α9 (ITGA9) defi ciency , 45  
   International Conference on Harmonization 

(ICH) 
 communities , 2, 119  
 guidelines , 148  

    J 
  Jain Foundation (LGMD2B) , 162  
   Johnsen, S.D. , 108  

    K 
  KAFOs.    See  Knee-ankle-foot orthotics 

(KAFOs) 
   Katz, S.I. , 172  
   Knee-ankle-foot orthotics (KAFOs) , 15, 80–82  
   Kurt+Peter Foundation (LGMD2C) , 162, 163  

    L 
  Lamin A/C (LMNA)-CMD , 44  
   Laminin alpha 2-related CMD , 42  
   Laminopathy , 47–48  
   Landouzy-Déjérine disease , 9  
   Landouzy, L.T.J. , 9  
   Lark, R.K. , 105–114  

   Late-onset type 1 myotonic dystrophy , 40  
   LCSW.    See  Licensed Clinical Social Worker 

(LCSW) 
   Leiden muscular dystrophy database , 23  
   LGMD.    See  Limb-girdle muscular dystrophy 

(LGMD) 
   LGMD 1B , 46–48  
   LGMD 2B , 46, 48  
   LGMD 2D , 47  
   LGMD 2D Foundation , 162, 163  
   LGMD 2I , 46, 47  
   LGMD2I Research Fund , 162, 163  
   LGMDs.    See  Limb-girdle muscular 

dystrophies (LGMDs) 
   Licensed Clinical Social Worker (LCSW) , 15  
   Licensed Specialist Clinical Social Worker 

(LSCSW) , 15  
   Life expectancy , 30, 45, 55, 111  
   Limb-girdle muscular dystrophies (LGMDs) 

 Cecil B Day Family, Inc (LGMD2B) , 162  
 classifi cation , 46  
 Coalition to Cure Calpain 3 (C3) 

(LGMD2A) , 162–163  
 defi nition , 46  
 diagnosis , 46, 48  
 differential diagnosis , 46  
 Jain Foundation (LGMD2B) , 162  
 Kurt+Peter Foundation (LGMD2C) , 

162, 163  
 LGMD2D Foundation , 162, 163  
 LGMD2I Research Fund , 162, 163  
 management , 48  
 McColl-Lockwood Laboratory (LGMD2I) , 

162, 163  
 and MMD1 , 162  
 non-operative management , 114  
 operative management , 114  
 protein classes , 46  
 symptoms , 162  

   Limb-girdle muscular dystrophy (LGMD) 
 causes , 113  
 diagnosis , 113  
 management , 65, 66, 67, 70  
 non-operative management , 114  
 operative management , 114  

   LSCSW.    See  Licensed Specialist Clinical 
Social Worker (LSCSW) 

   Lumbar lordosis , 11, 47, 83  

    M 
  Mackenzie, W.G. , 111  
   Mah, J.K. , 21–30, 37–48  

Index



187

   Maldonado, E.Y.G. , 55–62  
   Management 

 cardiac management , 67  
 CMD , 45  
 DM , 41  
 DMD , 27  
 genetic counseling and preventive 

measures , 69–70  
 LGMD , 48  
 nutrition , 69  
 orthopedic   ( see  Orthopedic management) 
 orthopedic management , 68–69  
 psychosocial management , 69  
 PT   ( see  Physical therapy (PT)) 
 rehabilitative management , 68  
 respiratory management , 67  
 self-management , 60  
 sleep disorder management , 68  
 specifi c therapy , 66–67  

   Management strategies 
 cardiac , 67  
 genetic counseling , 69–70  
 nutrition , 69  
 orthopedic , 68–69  
 psychosocial , 69  
 rehabilitative , 68  
 respiratory , 67  
 sleep disorders , 68  
 therapy , 66–67, 70  

   Manifesting carriers (MCs) , 24, 48  
   McColl-Lockwood Laboratory (LGMD2I) , 

162, 163  
   McNeil, D.E. , 119–128  
   MCs.    See  Manifesting carriers (MCs) 
   MDA.    See  Muscular Dystrophy Association 

(MDA) 
   Merosin-defi cient CMD , 42, 45  
   Meryon, E. , 6, 21  
   Miyoshi muscular dystrophy 1 (MMD1) , 162  
   MLPA.    See  Multiplex ligation-dependent 

probe amplifi cation (MLPA) 
   MMD1.    See  Miyoshi muscular dystrophy 1 

(MMD1) 
   Mobility devices 

 components , 80  
 equipment and technology , 92  
 FSHD , 16–17  
 standers and stand-and-drive motorized , 82  

   Molecular mechanisms 
 DM   ( see  Myotonic dystrophies (DM)) 
 LGMD   ( see  Limb-girdle muscular 

dystrophy (LGMD)) 

   Molecular patches , 151  
   Moxley, R. III , 172  
   Multiplex ligation-dependent probe 

amplifi cation (MLPA) , 24  
   Muscle biopsy 

 biomarkers , 124  
 diagnosing FSHD , 14  
 DM , 41  
 DMD , 105  
 and genetic testing , 23  
 LGMD , 47–48  
 and neuroimaging studies , 42  

   Muscleblind-like proteins , 38  
   Muscle imaging , 65, 66  
   Muscle weakness 

 autosomal dominance , 11  
 classifi cation of MD , 37–38  
 distal , 40, 41, 42, 47  
 DMD , 27  
 FSHD , 13  
 less effective breathing due , 89  
 LGMD , 113  
 oropharyngeal and ventilator , 67  
 proximal , 40, 47, 48, 176  
 skeletal , 76–78, 177  

   Muscular dystrophy (MD) 
 classifi cation , 176  
 FSHD , 176  
 inheritance , 175  
 management , 177  
 phases of drug development , 178  
 prevalence , 176  
 registries , 178  
 regulatory guidance , 177–178  
 treatments , 65–70  
 weakness , 175–176  

   Muscular Dystrophy Association (MDA) 
 advocacy program , 158  
 and ALS , 157  
 annual biannual clinical and scientifi c 

conferences , 157  
 and FDA , 2  
 online Transitions Center , 157  
 patient advocacy groups   ( see  US patient 

advocacy groups) 
 patient registry , 169  
 psychosocial management , 69  

   Muscular Dystrophy CARE Act , 2  
   Muscular hypertrophy , 5  
   Mutations in metabolic (mitochondrial 

membrane protein) pathway 
genes , 45  

Index



188

   Myopathies 
 characterization , 86  
 congenital , 46  
 distal , 46  
 infl ammatory , 38, 46, 66  
 metabolic , 46, 66  
 myofi brillar , 46  
 and myotonia , 41  
 patient registry , 170  
 RYR1-CMD , 44  
 SEPN1 , 43–44  
 types , 170  

   Myostatin inhibition , 26  
   Myotonic dystrophies (DM) 

 autosomal dominant disorders , 38  
 classifi cation , 38–40  
 diagnostics , 41  
 management , 41  
 muscular , 150  
 PDM , 38  
 PROMM , 38  
 RNA , 38  
 ZNF9 gene , 38  

   Myotonic Dystrophy (MD) Foundation , 163  
   Myotubular and centronuclear myopathy 

(MTM and CNM) patient registry , 
170–172  

    N 
  National Institute of Arthritis and 

Musculoskeletal and Skin Diseases 
(NIAMS) , 172  

   National Institute of Neurological Disorders 
and Stroke (NINDS) , 5–7, 172  

   National Institutes of Health (NIH) , 6–7, 
172–174  

   National Organization for Rare Disorders 
(NORD) , 158, 164  

   Natural history of MD , 140  
   Natural history studies , 126, 132, 134, 135, 

145, 147, 149  
   NEMO-binding domain (NBD) peptide , 26  
   Neurologists , 6, 9, 14–16, 61  
   NIAMS.    See  National Institute of Arthritis and 

Musculoskeletal and Skin Diseases 
(NIAMS) 

   Nigro, V. , 46  
   NIH.    See  National Institutes of Health (NIH) 
   NINDS.    See  National Institute of Neurological 

Disorders and Stroke (NINDS) 
   Non-operative management , MD  

 BMD , 108  
 DMD , 106  

 FSHD , 109  
 LGMD , 114  

   Non-pharmaceutical therapies , 145–146  
   Nonsense mutation , 1–2, 25, 151, 153, 178  
   Non-U.S. patient advocacy groups , 164  
   NORD.    See  National Organization for Rare 

Disorders (NORD) 
   Nuclear factor-kappa B (NF-kB) , 26  
   Nutrition , 24, 27, 69, 109, 176  

    O 
  Occupational therapists , 15, 61, 68  
   Oculopharyngeal muscular dystrophy 

(OPMD) , 7, 37, 164  
   Olsen, D.B. , 109  
   Operative management , MD  

 BMD , 108  
 DMD , 106–107  
 FSHD , 109–112  
 LGMD , 114  

   OPMD.    See  Oculopharyngeal muscular 
dystrophy (OPMD) 

   Orthopedic care 
 BMD , 107–108  
 childhood , 105  
 DMD   ( see  Duchenne muscular dystrophy 

(DMD)) 
 FSHD   ( see  Facioscapulohumeral muscular 

dystrophy (FSHD)) 
 LGMD , 113–114  

   Orthopedic examination , 14  
   Orthopedic management , 68–69  
   Orthopedist , 15  
   Orthotic intervention/adaptive equipment 

 adjustable angle orthoses , 82  
 AFOs , DMD, 80–82  
 ankle height/SMOs , 81  
 and assistive technology , 92–93  
 braced ambulation with KAFOs , 82  
 lower and upper extremity , 80, 82  
 management, musculoskeletal system , 80  
 standers and stand-and-drive motorized 

mobility devices , 82  
   Orthotics 

 AFOs , 15, 29  
 KAFOs , 15  
 and PT   ( see  Physical therapy (PT)) 

    P 
  Pain control , MD, 91–92  
   Parent Project Muscular Dystrophy (PPMD) 

 benefi t-risk assessment , 123–124  

Index



189

 biomarkers , 124  
 clinical trial designs, outcome measures 

and considerations , 124, 125  
 diagnosis , 124  
 DMD , 125  
 Duchenne community , 122  
 FDA , 120  
 guidance for industry 

 benefi t–risk assessment , 123–124  
 biomarkers , 124  
 clinical trial , 125  
 clinical trial designs , 124  
 diagnosis , 124–125  
 natural history , 124  

 information and support , 59  
 limb , 126  
 natural history , 124  
 psychosocial management , 69  
 specifi c therapies , 125  
 sponsors , 125, 126  
 types , 125–126  

   Pasotti, S. , 109  
   Pathokinesiology 

 management, neuromuscular diseases , 75  
 predictable compensations , 75–78  
 self-perpetuating cycle of events , 74  
 weakness and disability , 74  

   Patient registries 
 CNM/MTM , 170–172  
 DM , 172  
 electronic medical record , 169  
 FSHD , 172, 173  
 fundamental thinking and potential 

scientifi c utility , 173  
 healthcare providers , 169  
 identifi cation , 169  
 MDA , 169  
 myopathies , 170  
 NIH funds , 174  
 Treat-NMD , 172  

   PCT therapeutics , 1  
   PDM.    See  Proximal myotonic dystrophy 

(PDM) 
   Perez, D.P. , 9–18  
   Pharmaceutical treatments 

 approved products and treatments , 147  
 clinical trial development , 146–147  
 gene therapy/stem cell therapy , 145  
 MDA , 145  
 natural history studies , 145  
 patient registries , 145  
 potential treatments for MD , 148–149  

   Pharmacodynamics (PD) , 146  

   Pharmacokinetics (PK) , 146  
   Phase III Ataluren Confi rmatory Trial , 148  
   Phase IV post-marketing studies , 147  
   Physiatrists , 14–16, 61  
   Physical therapy (PT) 

 assessment , 75, 79  
 cellular pathology , 73–74  
 comprehensive care , 73, 93  
 individual muscular dystrophies , 73  
 maintaining function , 92–93  
 neuromuscular disorders , 74, 93  
 optimal management , 93  
 pathokinesiology , 74–75  
 prevention, contracture and deformity , 

75–92  
   Physiocrines , 155  
   PMDD.    See  Premenstrual dysphoric disorder 

(PMDD) 
   Posada de la Paz, M. , 170  
   Positive pressure ventilation , 22, 24, 28, 112  
   Potential treatments for MD 

 pharmaceutical products , 131  
 pharmaceutical treatments 

 DMD and BMD studies , 149  
 EU and EEA , 148  
 facioscapulohumeral muscular 

dystrophy , 149  
 FSH/FSHD , 149  
 ICH guidelines , 148  
 U.S. clinical trials , 148, 149  

 phase II and phase III stage , 1  
   PPMD.    See  Parent Project Muscular 

Dystrophy (PPMD) 
   Prednisone , 16, 17, 27, 106, 108, 151, 152, 176  
   Premenstrual dysphoric disorder (PMDD) , 147  
   Prenatal testing , 14, 70  
   Prevalence 

 cardiac disease , 28  
 CMD , 41  
 DM1 , 38  
 DMD , 21  
 MD , 10, 37, 176  

   PROMM.    See  Proximal myotonic myopathy 
(PROMM) 

   Prosensa’s drisapersen , 151  
   Protein supplements (creatinine monohydrate) , 

16, 17, 151, 176  
   Proximal myotonic dystrophy (PDM) , 38, 40  
   Proximal myotonic myopathy (PROMM) , 

38, 40  
   PTC124 , 25, 151  
   PTC Therapeutics’ ataluren , 148  
   Pulmonary function tests , 14, 41, 109, 112  

Index



190

    R 
  R&D pipeline , 151–153  
   Reading through stop signals , 151, 178  
   Rehabilitation , 65, 68  
   Respiratory insuffi ciency 

 CDM , 39  
 DMD , 28  
 and feeding , 42  
 FSHD , 17–18  

   Respiratory intervention , 30, 177  
   RYR1-related myopathy , 44  

    S 
  α-Sarcoglycanopathy , 47  
   Sarepta’s RNA-based clinical candidate , 151  
   Savarese, M. , 46  
   Scoliosis 

 ambulatory individuals , 83  
 non-ambulatory individuals 

 assessment , 86–87  
 asymmetrical compensatory movement 

patterns , 88  
 asymmetrical forces , 84–85  
 DMD , 83  
 gravity , 85  
 interaction , 85  
 less effective breathing, muscle 

weakness , 89–90  
 literature , 86  
 neuromuscular disorders , 83  
 physical therapy , 86  
 progression , 83  
 respiratory management , 89  
 seating systems , 86  
 spine management , 85  
 wheelchair management , 87–88  

   Selenoprotein N (SelN) , 43  
   Self-advocacy, adults , 58–59  
   SelN.    See  Selenoprotein N (SelN) 
   Semmola, G. , 5  
   SEPN1-related myopathies , 43–44  
   Shapiro, F. , 106  
   Skeletal muscles 

 cardiac management , 67  
 corticosteroids , 27, 177  
 deterioration , 7  
 function , 14  
 and heart tissues , 38  
 MRI/MRS , 124  
 weakening and loss of , 10  

   Sleep disorder management , 68  
   SMCHD1 , 12  

   Social interactions, adults , 57, 59  
   Speech and hearing therapists , 15  
   Stem cell therapy , 145, 150, 151, 178–179  
   Supportive care , 66, 70  
   Symptom management 

 cardiac , 67  
 respiratory failure , 67  
 sleep disorders , 68  

    T 
  Temple, R.J. , 122  
   TGF-β.    See  Transforming growth factor-β 

(TGF-β) 
   Therapeutic options 

 effects , 127  
 gap in clinical trials , 127  
 guidance 

 EU   ( see  EU regulatory guidance) 
 US   ( see  US regulatory guidance) 

 heterogeneity, disease progression , 126  
 progress , 127–128  

   Transforming growth factor-β (TGF-β) , 26–27  
   Transition planning, adulthood , 60, 62  
   Transition to adult health care , 61–62  
   TranslarnaT , 1, 119, 148, 153  
   TREAT-NMD , 25, 69, 164, 171, 172  
   Tuberculosis , 5  
   Type 1 myotonic dystrophy (DM1) 

 adult onset , 40  
 age of presentation , 38–39  
 childhood onset , 39  
 congenital , 39  
 CTG , 39  
 late-onset , 40  
 trinucleotide (CTG) , 38  

   Type 2 myotonic dystrophy (DM2) 
 PDM , 40  
 PROMM , 40  
 tetranucleotide (CCTG) , 38  

    U 
  U.S. Neuromuscular Disease Registry , 

170–171, 178  
   US patient advocacy groups 

 ALS , 157  
 Becker MD , 160  
 congenital MD , 160  
 distal MD , 160  
 Duchenne MD , 159–160  
 emery-dreifuss MD , 160  
 facioscapulohumeral MD , 160–161  

Index



191

 limb-girdle MD , 162–163  
 MDA   ( see  Muscular Dystrophy 

Association (MDA)) 
 myotonic dystrophy (DM) , 163  
 neuromuscular diseases , 157  
 oculopharyngeal MD , 164  

   US regulatory guidance 
 conservative approach , 128  
 draft , 122–123, 128  
 FDA , 122, 128  
 OOPD , 122  
 PPMD 

 industry , 123–125  
 specifi c notes, MD types , 125–126  

 risk , 128  
 treatments , MD, 126–127  

   Utrophin upregulation , 26, 151, 179  

    V 
  Vance Taylor, L. , 55  

    W 
  Wagner, K.R. , 55–62  
   Walters, L. , 2  
   Wyeth’s (Pfi zer’s) MYO-029 , 17, 26  

    X 
  X-linked recessive inheritance , 6, 175  

    Z 
  Zheng (Jane) Fan , 65–70  
   Zinc fi nger protein 9 (ZNF9) gene , 38         

Index


	Foreword
	Editor’s Introduction
	Acknowledgements
	Contents
	Contributors
	About the Editor
	More About Selected Authors
	Abbreviations
	Chapter 1: Introduction to Muscular Dystrophy
	Introduction
	 Additional Support for Patients and Families with MD
	References

	Chapter 2: Muscular Dystrophy: Historical Background and Types
	Historical Background
	 Other Types of MD
	References

	Chapter 3: FSHD: The Most Common Type of Muscular Dystrophy?
	Introduction
	 Overview of Symptoms of FSHD
	 Autosomal Dominance
	 The Proposed Cause of FSHD
	 De Novo Cases of FSHD [19]
	 Onset of Symptoms
	 Prognosis of FSHD
	 Diagnosing FSHD
	 Psychiatry and Psychological Counseling
	 Treatments for FSHD
	 Mobility Devices for Patients with FSHD
	 Clinical Trials for Patients with FSHD
	 FSHD Respiratory Insufficiency [10]
	References

	Chapter 4: Duchenne and Becker Muscular Dystrophies: Underlying Genetic and Molecular Mechanisms
	Introduction
	 Case Example
	 Genetics
	 Pathogenesis
	 Diagnosis
	 Treatment
	Therapeutic Strategies
	 Gene Therapy
	 Cellular Targets
	 Muscle Regeneration
	 Standard of Care for DMD

	 Conclusion
	References

	Chapter 5: An Overview of the Other Muscular Dystrophies: Underlying Genetic and Molecular Mechanisms
	Introduction
	 Myotonic Dystrophies
	Type 1 Myotonic Dystrophy
	Congenital Myotonic Dystrophy
	 Childhood Onset Myotonic Dystrophy
	 Adult Onset Myotonic Dystrophy
	 Late-Onset Myotonic Dystrophy Type 1

	 Type 2 Myotonic Dystrophy (DM2)

	 Diagnostic Workup
	 Management
	 Congenital Muscular Dystrophy
	 Diagnostic Aspects of Specific Subtypes
	Laminin Alpha 2-Related or Merosin-Deficient CMD
	 Alpha-Dystroglycan-Related Dystrophies
	 Collagen VI-Related Dystrophies
	 SEPN1-Related Myopathy
	 RYR1-Related Myopathy
	 Lamin A/C-Related CMD
	 Mutations in Metabolic (Mitochondrial Membrane Protein) Pathway Genes
	 Other Congenital Muscular Dystrophies

	 Limb-Girdle Muscular Dystrophy
	Example 1: LGMD 2D, α-Sarcoglycanopathy with a Duchenne-Like Phenotype
	 Example 2: LGMD 2I, FKRP Dystroglycanopathies
	 Example 3: LGMD 2A, Calpainopathy
	 Example 4: LGMD 1B, Laminopathy
	 Example 5: LGMD 2B, Dysferlinopathy

	 Diagnosis and Management of LGMD
	References

	Chapter 6: Transition from Childhood to Adult in Patients with Muscular Dystrophy
	Introduction
	 Emerging Adulthood
	 Timetable for Growing Up
	 Commencement of Transition Years
	Self-Advocacy
	 Social
	 Education
	 Self-Care

	 Transition to Adult Healthcare
	 Conclusion
	References

	Chapter 7: Overview of Current Treatments for Muscular Dystrophy
	Introduction
	 Diagnosis and Initial Evaluation
	 Management of MDs
	Overall Strategies
	 Specific Therapy
	 Cardiac Management
	 Respiratory Management
	 Sleep Disorder Management
	 Rehabilitative Management
	 Orthopedic Management
	 Nutrition
	 Psychosocial Management
	 Genetic Counseling and Preventive Measures
	 Therapies Under Investigation

	 Summary
	References

	Chapter 8: Physical Therapy and Orthotic Devices
	Introduction
	Pathokinesiology
	Physical Therapy Assessment
	Physical Therapy Intervention
	Prevention of Contracture and Deformity
	Optimizing strength
	Managing/minimizing pain
	Cardiac [168]

	Maintaining Function

	Conclusion
	Helpful Websites
	Information About Diagnoses
	Adaptive Equipment/Assistive Technology/Orthotic Intervention

	References

	Chapter 9: Orthopaedic Management of the Child with Muscular Dystrophy
	Introduction
	 Duchenne Muscular Dystrophy
	Non-operative Management
	 Operative Management

	 Becker Muscular Dystrophy
	Non-operative Management
	 Operative Management

	 Facioscapulohumeral Muscular Dystrophy
	Non-operative Management
	 Operative Management

	 Infantile Facioscapulohumeral Muscular Dystrophy
	 Limb-Girdle Muscular Dystrophy
	Non-operative Management
	 Operative Management

	References

	Chapter 10: Global Regulatory Landscape
	Introduction
	 EU Regulatory Guidance
	U.S. Regulatory Guidance
	 PPMD/U.S. Issued Guidance for Industry
	 Specific Notes from the PPMD Guidance Applicable to All Types of MD
	 Heterogeneity in Disease Progression
	 Treatment Effects by Muscle Group
	 Gaps in Data
	 Summary
	References
	Further Reading


	Chapter 11: Key Challenges to the Approval of Products to Treat Patients with Muscular Dystrophy
	Introduction
	 Clinical Trial Design Issues
	 The Benefit–Risk Assessment
	 Long-Term Safety Concerns
	 Patient Registries
	 Dose Selection
	 Gene Therapy
	 Statistical Considerations
	 Lack of U.S. Regulatory Precedence
	 Call for Additional Patient Participation
	 PPMD Report
	 Lack of Specific MD Regulatory Guidance
	 The Benefit–Risk Assessment
	 Delay to Diagnosis
	 Differences in Diagnostic Testing
	 Natural History
	 Testing and Evaluation of Clinical Endpoints with Validation
	 Heterogeneity
	 Other Obstacles
	 Summary
	References

	Chapter 12: Pharmaceutical Products and Non-pharmaceutical Interventions as Potential Treatments for Patients with Muscular Dystrophy
	Treatments for Patients with Muscular Dystrophy
	Brief Overview of Clinical Trial Development
	 Approved Products and Treatments
	 Potential Treatments for MD

	 Congenital Muscular Dystrophy
	 Distal Muscular Dystrophy
	 Limb Girdle Muscular Dystrophy
	 Myotonic Muscular Dystrophy
	Duchenne Muscular Dystrophy: Mechanism of Action
	Selected Case Examples


	 Case Example: Ataluren [9]
	 Case Example: Drisapersen [10, 11]
	 Case Example: Eteplirsen [12]
	Case Example: ATYR-1940 [13, 14]

	References

	Chapter 13: U.S. Patient Advocacy Groups
	All Forms of MD
	Duchenne MD
	 Becker MD
	 Congenital MD
	 Distal MD
	 Emery-Dreifuss MD
	 Facioscapulohumeral MD
	 Limb-Girdle MD
	 Myotonic Dystrophy (DM)
	 Oculopharyngeal MD (OPMD)

	 Non-U.S. Patient Advocacy Groups

	Chapter 14: Global and National Patient Registries
	Introduction
	 Summary
	References

	Chapter 15: Summary
	Index

