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ABSTRACT  

Spinal muscular atrophy (SMA) could be a 

neurodegenerative disease characterized by loss of motor 

neurons within the anterior horn of the spinal cord and 

resultant weakness. The foremost common form of SMA, 

accounting for 95% of cases, is autosomal recessive 

proximal SMA related to mutations within the survival of 

motor neurons (SMN1) gene. Electromyography and muscle 

biopsy features of denervation were once the basis for 

diagnosis, however molecular testing for homozygous 

deletion or mutation of the SMN1 gene allows efficient and 

specific diagnosis. Until the top of 2016, no cure was 

available for SMA, and management consisted of supportive 

measures. Either using antisense oligonucleotides (ASOs) or 

virus-mediated gene therapy has recently been approved as 

two breakthrough SMN-targeted treatments. 
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INTRODUCTION 

The term spinal muscular atrophy (SMA) refers to a group of genetic disorders which is 

characterized by degeneration of anterior horn cells and resultant muscle atrophy and 

weakness. The most common SMA is an autosomal recessive disorder accounting for over 

95% of cases those results from a homozygous deletion or mutation in the 5q13 survival of 

motor neuron (SMN1) gene. A large, multi-ethnic study was conducted to test the feasibility 

of high-throughput genetic testing for SMA carriers, the overall carrier frequency was one in 

54 with an incidence of 1 in 11,000 1,2. 

 In SMA, a point mutation or homozygous deletion in the survival motor neuron 1 (SMN1) 

gene leads to loss of SMN production from this particular gene 4. But, a paralogous copy of 

SMN1, named SMN2, is present on the same chromosome 5. Thus the severity of SMA is 

highly variable and the clinical features can be classified into four main phenotypes based on 

the age of onset and maximum motor function achieved 2. There is no cure for SMA; 

however, an understanding of the molecular genetics of SMA has led to the development of 

pre-clinical models and various potential therapeutic approaches 3–5. 

CLINICAL FEATURES 

Muscle weakness and atrophy are the predominant clinical features of SMA. Reports that 

detailing the clinical manifestations and wide range of clinical severity have all been 

recognized over the last 125 years. They emphasized the seminal pathology as anterior horn 

cell degeneration, as well as the pertinent clinical features of symmetrical, proximal 

predominant extremity weakness that additionally affects axial, intercostal, and bulbar 

musculature 10. The multiple delineated phenotypes were eventually formalized into a 

classification scheme at an International Consortium on Spinal Muscular Atrophy which is 

sponsored by the Muscular Dystrophy Association (MDA) in 1991 11. 
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Table No. 1: SMA Classification 

Type Age of Onset Highest Function Natural Age of Death SMN2 # 

0 Prenatal Resp support <1 mo. 1 

1 0 – 6 mos. Never sit <2 yrs. 2 

2 < 18 mos. Never stand >2 yrs. 3,4 

3 > 18 mos. Stand alone Adult  

  3a 18 mos. - 3 years Stand alone Adult 3,4 

  3b > 3 years Stand alone Adult 4 

4 >21 years Stand alone Adult 4–8 

 

SMA type 0 

Spinal muscular atrophy type 0 is used to describe neonates who present with severe 

weakness and hypotonia with a history of decreased foetalmovements12. 

SMA type 1 

Infants with type 1 SMA, also known as Werdnig-Hoffman disease, present with hypotonia, 

poor head control, and reduced or absent tendon reflexes before 6 months of age. By 

definition, they never achieve the ability to sit unassisted 13. 

SMA type 2 

Children with type 2 SMA can sit unassisted at some point during their development; 

however, they are never able to walk independently (Table 1). This intermediate form of 

SMA tends to manifest as progressive proximal leg weakness that is greater than weakness in 

the arms 14. 

SMA type 3 

Children and adults with type 3 SMA, also referred to as Kugelberg-Welander disease can 

walk unassisted at some point during their lifetime (Table 1). They present with progressive 

proximal weakness of the legs more than the arms. The leg weakness may necessitate the 

need for a wheelchair at some point15, 16. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4628728/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4628728/table/T1/
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SMA type 4 

At the mild end of the continuum are individuals classified as having SMA type 4. They 

represent < 5% of SMA cases and have the mildest form of the disease. These individuals are 

ambulatory and they are similar to type 3, however, onset is in adulthood, often considered to 

present at age 30 or later but can be of juvenile-onset17, 18. 

MOLECULAR GENETICS AND ETIOLOGY 

Two almost identical SMN genes are present on chromosome 5q13: the telomeric 

or SMN1gene, which is the spinal muscular atrophy-determining gene, and the centromeric 

or SMN2 gene. The coding sequence of SMN2 differs from that of SMN1 by a single 

nucleotide (840C > T), which does not alter the amino acid sequence but results in alternative 

splicing of exon 7 19. About 95% of patients have a homozygous disruption of SMN1 due to 

deletion or gene conversion of SMN1 to SMN2 20. 

About 3% of affected individuals are compound heterozygotes for deletion of 

one SMN1 allele and subtle intragenic mutations. All patients, however, retain at least one 

copy of SMN2, generally 2-4. 21.SMN genes encode for SMN protein which is ubiquitously 

expressed and localized in the cytoplasm and the nucleus and is particularly abundant in 

motor neurons of the spinal cord 22. 

DIAGNOSIS 

The standard tool for diagnosis of SMA is Molecular genetic testing. Due to the efficiency of 

molecular testing and the high frequency of SMA in the hypotonic or “floppy” infant, it 

should be an early consideration in any infant with weakness or hypotonia23. 

Molecular Diagnosis 

Importantly, patients with SMA have a homozygous loss of function of both SMN1 copies; 

genetic testing for homozygous deletion will confirm the disease in 95% of patients 

irrespective of disease severity 24. 
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Figure No. 1: Approach to molecular diagnosis of SMA. 

Other Testing Modalities 

Before the availability of molecular testing, other diagnostic studies to demonstrate the 

presence of denervation, such as electrodiagnostic studies and muscle biopsy, were important 

tools for evaluating suspected SMA. 

Electrodiagnostic studies show variable features of motor neuron/axon loss consistent with 

loss of motor neuron function25-27. Sensory involvement is usually lacking, but exceptional 

cases have been reported with association sensory neuropathy or sensory ganglionopathy 28. 

In atypical cases and non-5q related SMA Electro diagnosis remains an important diagnostic 

tool to demonstrate the neurogenic nature of the illness. 

Muscle biopsy is no longer performed to diagnose SMA. Muscle biopsy cannot distinguish 

clearly between SMA subtypes; however certain histological features are related to disease 

severity. Muscle biopsy in infants with types 1 and 2 shows large groups of atrophic fibers 

interspersed with fascicles of hypertrophied and normal fibers 29-30. 

THERAPEUTIC STRATAGIES  

At present, there are no effective disease-modifying treatments for SMA. Regardless, 

precisely designed supportive, rehabilitative, and palliative care can partly reduce the disease 

burden and alter the natural history 31. 
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Pharmacological therapies 

Several mechanisms are targeted in SMA drug trials like neuroprotective medication to 

rescue motor neurons (as riluzole), creatine to enhance energy metabolism, and albuterol for 

its anabolic properties and the molecular effect on SMN2 gene expression 32. 

An alternative strategy has been proposed by Mattis et al. (2006) 33: aminoglycosides induce 

the read-through of the stop codon located in exon 8 of the SMN-del7 protein, thus 

elongating the C-terminus and stabilizing the protein in vitro. Successful read-through has 

also been achieved using different scaffolds with acceptable safety profiles as shown by PTC 

Therapeutics in a clinical trial with cystic fibrosis patients 34. 

Gene therapy 

In addition to possible drug therapy, gene therapy approaches have been evaluated for SMA, 

using viral vectors to replace SMN1. Perhaps the most direct approach to SMA therapy is to 

correct the fundamental cause of the disorder by replacing the missing SMN1 gene 35. In a 

series of experiments, self-complementary AAV8-hSMN was injected at birth intrathecally 

into the CNS of SMA-like mice, increasing the median life span of affected animals up to 50 

days, compared with 15 days for untreated controls36. Adeno-associated virus (AAV) vectors 

have also been used to deliver ASOs to the central nervous system by intrathecal infusion.37. 

RNA-based Therapy 

Alteration of SMN2 splicing to favor inclusion of exon 7 into the final mRNA transcript and 

increased expression of the full-length SMN protein is a second promising strategy to treat 

SMA. These approaches target interactions between cis-acting sequence motifs found in the 

introns and exons of SMN2 pre-mRNA and the various trans-acting splicing factors involved 

in the regulation of exon 7 splicing. Antisense oligonucleotides (ASOs) are therapeutic RNA 

molecules designed to bind to their complementary sequences within a targeted intron or 

exon that can either enhance or disrupt the targeted splicing event. Initial efforts to increase 

the inclusion of exon 7 from SMN2 pre-mRNA utilized an ASO designed to inhibit a 3’ spice 

site of exon 8 38. 

Since then, additional splice site regulators have been identified and refinements have been 

made to the chemical stability of ASOs39.There are now several variations on the theme of 

RNA-based therapies for SMA that are in various stages of preclinical development 40. 
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CLINICAL MANAGEMENT 

Musculoskeletal 

Weakness and impaired mobility, the central features of SMA, predispose to numerous 

musculoskeletal issues. Early recognition and appropriate management help maintain 

function, prevent deterioration in vital capacity, and improving quality of life. Similar to 

other aspects of the disease, a multidisciplinary approach is best suited to implement efficient 

and effective treatment 41. Manual and motorized wheelchairs may be initiated as early as 18–

24 months of age. Children who can bear some weight and have some trunk control may 

utilize a standing frame or mobile-stander with ankle-foot orthoses. Physical therapy can help 

to maximize endurance, fitness, and safety by incorporating activities such as swimming, 

aquatic therapy, and adaptive sports. Neuromuscular fatigue appears to contribute to 

functional limitations in individuals with SMA 42. 

Scoliosis is a major musculoskeletal issue that mostly impacts patients with intermediate 

forms of the disease, and it is almost universally present in non-ambulatory patients with 

types 2 and 3 SMA43. Surgery is the treatment of choice for scoliosis. Spinal bracing does not 

prevent scoliosis, but it may slow down the rate of progression in some patients for a limited 

time44. 

Pulmonary Care 

The ultimate cause of death in infants and children with type 1 and 2 SMA is usually 

respiratory failure 45. Infants at risk for mucus plugging should be monitored with overnight 

oximetry during acute illnesses and assisted airway clearance methods, such as manual 

suctioning, are recommended. Generally, the use of antibiotics should be applied to these 

infants during any acute illness because of the risk of pneumonia and associated pulmonary 

complication 46-47.  

The goal of pulmonary intervention in type 1 infants is to improve quality of life and not 

necessarily to prolong life 48. The management of respiratory function in type 2 or non-

ambulant SMA children (i.e. type 3 children who with the progression of illness eventually 

lose ambulation) is similar to that of type 1 infants; however, the complications are less 

severe 49. 
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Gastrointestinal and nutritional 

Gastrointestinal complications are very common in SMA patients but they have received 

surprisingly little formal research attention 51. These complications can cause primary and 

secondary morbidity and can increase the risk of aspiration and pneumonia. The management 

of aspiration associated with feeding and dysphagia includes changing food consistency to 

include semi-solid and thickened liquids. However, in infants with type 1 SMA, early 

gastrostomy and laparoscopic Nissen fundoplication (if gastrointestinal reflux is present) are 

recommended because of the importance of maintaining proper nutrition and reducing the 

risk of infection secondary to aspiration 52-54. 

Malnutrition, secondary to decreased oral intake can also be an insidious problem for some 

type 2 SMA children and adolescents 55. To manage these complications, each child should 

be evaluated individually during routine visits by a dietitian to maintain the growth curve and 

to avoid inadequate or excessive intake. Because of the tendency for decreased bone mineral 

density with increasing age, adequate intake of vitamin D and calcium should be provided 56.  

CONCLUSION 

SMA is the most common genetic disease of the spinal motor neuron. It can manifest any 

time from before birth to adulthood with varying severity and disease impact, and it is the 

most common genetic cause of death in infants. There is no treatment modality available 

even though the causative gene is discovered. The disease burden is reduced by the 

effectively designed supportive care and continued refinement of supportive care is needed. 

The current and planned clinical trials are designed to increase SNM expression in motor 

neurons hold great promise. 
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