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ABSTRACT 
Introduction: Spinal muscular atrophy (SMA) is a complex neuromuscular disorder, it is the most usual autosomal recessively inherited lethal 

neuromuscular disease in pediatrics, it presents a defective alteration in the survival motor neuron 1 (SMN1) gene. Spinal muscular atrophy 

clinically shows progressive weakness of skeletal and respiratory muscles. In recent years, drugs with encouraging results from phase II and III 

clinical trials have been presented. 

Objective: to detail current information related to spinal muscular atrophy, clinical features, classification, natural history, genetics, diagnosis, 

complications and treatment of the disease. 

Methodology: a total of 40 articles were analyzed in this review, including review and original articles, as well as clinical cases, of which 31 

bibliographies were used because the other articles were not relevant to this study. The sources of information were PubMed, Google Scholar and 

Cochrane; the terms used to search for information in Spanish, Portuguese and English were: spinal muscular atrophy, Spinal Muscular Atrophy, 

spinal muscular atrophy and spinal muscular atrophy. 

Results: About 95 % of the occurrences of spinal muscular atrophy are generated by homozygous deletions. Individuals with 5q mutation make up 

95% of cases of spinal muscular atrophy and the remaining 5% are generated by mutations in 5q1-5. Targeted treatments may prevent or delay the 

progression of some symptoms of spinal muscular atrophy. 

Conclusions: Spinal muscular atrophy (SMA) is an autosomal recessive neuromuscular disease characterized by muscle atrophy and weakness 

resulting from irreversible loss and progressive degeneration of the brainstem nuclei and anterior horn cells in the spinal cord (lower motor 

neurons). Clinically it presents with symmetrical proximal limb weakness that also impacts the axial muscles, intercostal and bulbar musculature 

and is progressive, and the classification protocol is important in genetics, as well as providing prognostic and clinical information. The natural 

history of the disease is variable and complicated. It is made by demonstrating a history of proximal muscle weakness, motor difficulties or 

regression, diminished or absent deep tendon reflexes. Among the most frequent complications in unsupported individuals are those previously 

mentioned such as poor weight gain with growth retardation, scoliosis, restrictive lung disease, joint contractures and sleep difficulties. In terms of 

treatment, several different compounds have been investigated in recent years, focused on increasing muscle strength and function. Proactive 

supportive treatment involving a multidisciplinary team is paramount to decrease the severity of symptoms. 

KEY WORDS: muscle atrophy, spine, spinal, spinal cord, motor neuron. 
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INTRODUCTION 
Spinal muscular atrophy (SMA) is a complex neuromuscular 

disorder, it is the most common autosomal recessive lethal 

neuromuscular disease in pediatrics, it presents a defective 

alteration in the survival gene of motor neuron 1 (SMN1), 

located in chromosome 5 (5q13.2) that generates continuous 

impairment of motor neurons of the brain stem and medullary 

anterior horn which results in weakness and progressive 

symmetrical muscle atrophy. The severity of this condition will 

depend on the age of onset. Some authors show a variable 

incidence of this disease between 1 in 6000 live births and 1 in 

11000 live births(1,2).  

 

On chromosome 5 there are 2 SMN genes. The first, SMN1 

gene generates SMN protein in large quantities and is necessary 

to maintain the normal function of medullary motor neurons. 

The second, SMN2 gene generates approximately 10% of all 

SMN proteins, since it presents a skipping of exon 7 (skipping), 

which is essential for the development of this protein. The most 

severe subtype is SMN1 or Werdnig-Hoffmann, which accounts 

for more than 60% of the universal types of spinal atrophy, 

Dubowitz disease or SMN2 accounts for about 20%, Kugelberg-

Wellander disease or SMN3 for about 10% and SMN4 or the 

adult form of the disease has the lowest incidence in relation to 

the previous cases. Individuals with 5q mutation make up 95% 

of cases of spinal muscular atrophy and the remaining 5% are 

generated by mutations in 5q1-5(2). 

 

Spinal muscular atrophy clinically shows progressive weakness 

of skeletal and respiratory muscles. There is no cure for SMA, 

however, understanding the molecular genetics of the disease 

has led to the development of preclinical models and several 

potential therapeutic approaches. In recent years, drugs with 

encouraging results from phase II and III clinical trials have 

been presented(3,4). 

 

METHODOLOGY 
A total of 40 articles were analyzed in this review, including 

review and original articles, as well as cases and clinical trials, 

of which 31 bibliographies were used because the information 

collected was not of sufficient importance to be included in this 

study. The sources of information were Cochrane, PubMed and 

Google Scholar; the terms used to search for information in 

Spanish, Portuguese and English were: spinal muscular atrophy, 

Spinal Muscular Atrophy, spinal muscular atrophy and spinal 

muscular atrophy. 

The choice of bibliography exposes elements related to spinal 

muscular atrophy, clinical characteristics, classification, natural 

history, genetics, diagnosis, complications and treatment of the 

disease. 

 

 

 

 

DEVELOPMENT 
Clinical Features 

Spinal muscular atrophy (SMA) is an autosomal recessive 

neuromuscular disease characterized by muscle atrophy and 

weakness resulting from irreversible loss and progressive 

degeneration of brainstem nuclei and anterior horn cells in the 

spinal cord (lower motor neurons). The onset of weakness can 

be at different times of life, both before birth and in adulthood.  

Clinically, it presents with symmetrical weakness of the 

proximal extremities that also impacts the axial muscles, 

intercostal and bulbar musculature, as well as being progressive. 

Prior to the knowledge of the genetic basis of spinal muscular 

atrophy, it was classified into clinical subtypes, depending on 

the maximum motor function achieved. Some common 

complications triggered by the clinical presentation of patients 

with SMA are restrictive lung disease, scoliosis, poor weight 

gain with growth retardation and joint contractures; however, 

current therapeutic options may modify the natural history of the 

disease(4-6). 

 

Classification 

The classification system of the different phenotypes found was 

made in an International Spinal Muscular Atrophy Consortium 

in 1991, in which three types of SMA are highlighted according 

to the highest level of motor function and the years of onset of 

the disease. Subsequently, the third type was modified by years 

of onset and type 4 was increased to include adult-onset cases, in 

addition to type 0, which includes patients with prenatal onset 

and death within weeks. This classification protocol continues to 

be important because of the genetic epoch, in addition to 

providing convenient prognostic and clinical information; 

however, approximately 25% of affected individuals do not 

benefit from a precise classification(4,7,8). 

 

Spinal Muscular Atrophy Type 0. 

It encompasses newborns with respiratory distress at birth, 

severe weakness and hypotonia with a history of reduced 

intrauterine fetal movements. Weakness begins before birth. 

Infants may manifest atrial septal defect, areflexia, joint 

contractures and facial diplegia. Respiratory failure is an early 

warning sign. Most of those affected do not manage to live more 

than 6 months. At the moment there is no clear evidence on 

patients with spinal muscular atrophy type 0 treated with gene 

therapy or the antisense oligonucleotide called nusinersen which 

increases the amount of complete SMN protein produced by the 

SMN2 gene, optimizing the survival of neurons(4,6,9,10).  

 

Spinal Muscular Atrophy Type 1.  

Also called Werdnig-Hoffman disease, it encompasses patients 

with marked weakness and regression of motor development 

prior to six months of age, although usually showing at 2.5 

months of age. Infants attain head control and the ability to roll, 

but these abilities disappear early. As for the ability to sit up, 

those children affected with spinal atrophy type 1 usually fail to 

do so, especially those with only supportive care.  

https://doi.org/10.36713/epra2013
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Profound hypotonia may be seen as a "frog-legged" pose when 

lying down, coupled with poor or absent head control. Notable 

clinical features include: 

➢ Proximal symmetrical muscle weakness. 

➢ Lack of motor development with regression of motor 

function. 

➢ Decreased or absent deep tendon reflexes. 

➢ Poor muscle tone. 

 Mild contractures may also be found in the knees and 

sporadically in the elbows. 

 

The fragility of the intercostal muscles, with apparent 

preservation of the diaphragm, generates a bell-shaped thorax 

accompanied by a paradoxical respiratory pattern or abdominal 

breathing. The diaphragm is not altered until late in the course of 

the disease. 

 

Infants with type 1 muscular atrophy have weakness of the 

tongue and swallowing; tongue twitching is present in most, but 

not all, infants. 

 

Facial weakness develops although the affected muscles are 

relatively intact in the initial manifestation. Bulbar weakness is 

present in the neonatal period or during the first months. As the 

tongue and pharyngeal muscles become weaker, affected infants 

remain at risk for aspiration as they often have difficulty 

swallowing or sucking, leading to growth retardation.  

 

Infants with spinal muscular atrophy type 1 mostly present with 

respiratory failure before the age of 2 years. Cognition in these 

infants is normal so they are usually alert and attentive at 

diagnosis. Infants may develop severe symptomatic bradycardia. 

Some studies have shown an average survival of 24 months; in 

contrast, more current trials have shown an average survival to 

death of 8 to 13.5 months. With proactive attention to nutritional 

and respiratory support, survival is increasing.New therapies are 

modifying the natural history of spinal muscular atrophy type 1, 

especially if therapy is started prior to the onset of clinical 

manifestations(4,6,11-13). 

 

Spinal Muscular Atrophy Type 2 

Most cases present between six and 12 months of age; however, 

the average age of symptom presentation is 8.3 months. 

Inadequate muscle tone may be noticeable in the first few 

months of life or at birth, however, individuals with SMA 2 may 

reach motor milestones slowly up to five years of age. Children 

with SMA type 2 usually sit up unaided at some point in their 

development, but are unable to walk independently. Those 

affected later show a slow reduction in motor function, with the 

competence to sit up fading away by mid-adolescence on 

average. This type of SMA has the propensity to show as 

progressive weakness of the proximal part of the legs being 

greater in comparison with the weakness of the arms. On 

physical examination there is evidence of areflexia and 

hypotonia. Hand tremor is frequent. Deep tendon reflexes are 

reduced or absent.  

 

Most of the comorbidities presented in this group of patients 

correlate with complications in bone and joint development such 

as muscle weakness, scoliosis, jaw ankylosis and joint 

contractures. The conjugation of intercostal muscle weakness 

and scoliosis can generate a remarkable restrictive lung disease, 

which is related to morbidity and mortality in these patients. In 

affected children, cognition is normal and the development of 

cardiac abnormalities is infrequent. Standing sufficiency is 

largely interrelated with improved pulmonary performance and 

long-term survival. With the advent of new therapies it is 

possible that the natural history of the disease may 

improve(4,6,14). 

 

Spinal Muscular Atrophy Type 3 

Called Kugelberg-Welander disease, children and adults with 

this type of spinal muscular atrophy are able to walk unaided at 

some point in their lives. It usually presents after 18 months of 

age, the average age of onset is 39 months ± 32.6 months. The 

lower limbs are severely affected compared to the upper limbs. 

The fragility of the proximal musculature of the lower 

extremities can cause habitual falls, difficulty to go up or down 

stairs, this fragility causes the need to use wheelchairs by the 

patients. Fatigue causes a marked impairment of function and 

quality of life. 

 

Generally, patients with Kugelberg-Welander disease who have 

been managed with supportive care alone will show 

improvement in motor function around the age of six years, and 

then experience a progressive reduction in functional abilities 

until around puberty. Puberty may generally be associated with 

an earlier decline in function. People with SMA 3 have the 

ability to walk, however, most of those affected will lose this 

ability over time. If clinical onset is before the age of three 

years, incompetence of ambulation sometimes occurs in the 

second decade. However, when clinical onset is between 3 and 

12 years of age, gait incompetence usually occurs in the fourth 

decade of life. Compared to type 2, these patients commonly do 

not have the comorbidities of scoliosis and usually show little or 

no respiratory muscle weakness.  Cognitive and cardiac 

functions are normal, and life expectancy is not altered in this 

group. With the advent of new treatments it is possible that the 

natural history of the disease may improve(4,6,8,15). 

 

Spinal Muscular Atrophy Type 4 

This type is the least frequent form of SMA and is usually seen 

in less than 5% of individuals with SMA. Typically, individuals 

in this category show muscle weakness in the second or third 

decade of life, although there are cases of juvenile onset. It has a 

specific sequence of muscle involvement, with weakness that 

greatly impairs the deltoids, triceps and quadriceps. They may 

also present loss of patellar reflexes, maintaining deep tendon 

reflexes in the upper extremities and Achilles tendon. Hand 

https://doi.org/10.36713/epra2013
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tremor is occasionally observed. Cognitive and cardiac skills are 

normal. With supportive care alone, the results are similar to 

those of SMA 3, but less severe, and gait impairment usually 

occurs after the fifth decade of life. Life expectancy is 

normal(4,6,11,16). 

 

Natural History 

The natural history of the disease is variable and complicated. 

Infants with spinal muscular atrophy type 1 never manage to sit 

up independently. Children with spinal muscular atrophy type 2 

are able to sit up at some time during infancy, however they 

usually do not walk independently. Adults and children with 

spinal muscular atrophy type 3 usually reach autonomous 

walking at some interval in their childhood(4). 

 

Genetics 

About 95% of the occurrences of spinal muscular atrophy are 

generated by homozygous deletions. A smaller number occur 

due to point mutations in the SMN1 gene on the long arm of 

chromosome 5 "5q-SMA"; however, SMA mutations in other 

genes can also be the origin of "non-5q-SMA". Disease-causing 

alterations in SMN1 prevent the manufacture of functional SMN 

protein from this gene. The extremely variable phenotypic range 

of SMA is especially attributable to variable copy numbers of 

the neighboring SMN2 gene. This gene is virtually analogous to 

SMN1 except for a few nucleotides and is of no significance in 

healthy individuals. A single nucleotide move of SMN2 results 

in the predominant skipping of exon 7 and produces an unstable 

protein. In individuals with spinal muscular atrophy, SMN2 can 

generate minute amounts of full-length, fully functional SMN 

protein, so high SMN2 copy number is associated with milder 

phenotypes(17-23). 

 

Diagnosis 

It is made by demonstrating a history of proximal muscle 

weakness, motor difficulties or regression, diminished or 

missing deep tendon reflexes, certainty of motor unit disease, as 

well as through the recognition of pathogenic bi-allelic variants 

in SMN1 in molecular genetics, or by demonstrating the 

increase in SMN2 copy number(6). 

 

Complications 

Among the most frequent complications in individuals who do 

not receive support are those previously mentioned, such as poor 

weight gain with growth retardation, scoliosis, restrictive lung 

disease, joint contractures and difficulties in falling asleep. 

 

Nutrition-gastrointestinal: bulbar dysfunction is universal in 

people with SMA 1, this becomes a difficult inconvenience for 

people with SMA 2 and a very late complication in the course of 

the disease for people with SMA 3. Some of the alterations of 

the gastrointestinal system that occur are delayed gastric 

emptying, constipation and gastroesophageal reflux with high 

probability of death by aspiration. For growth retardation, a 

gastrostomy tube may be placed, depending on the patient's 

needs. Individuals with SMA 2 and 3 who do not walk are at 

increased risk of obesity. 

 

Respiratory: Individuals with SMA 1 and 2 and sporadically 

type 3 who have supportive therapy alone have a progressive 

decrease in lung function due to a mixture of reduced chest wall 

compliance, weak respiratory muscles, decreased lung 

compliance and decreased alveolar multiplication. Respiratory 

failure is the most frequent cause of death in SMA 1 and 2. 

Reduced respiratory capacity leads to impaired cough with 

inadequate excretion of mucus from the lower airways, 

accompanied by hypoventilation during sleep and recurrent 

pneumonia. Airway clearance techniques and BiPAP or other 

noninvasive ventilation techniques are frequently used in 

respiratory failure in people with SMA to try to improve their 

capacity. 

 

Orthopedic: Scoliosis, hip dislocation and joint contractures are 

frequently seen in individuals with spinal muscular atrophy. 

Scoliosis is a major issue in a large proportion of those affected 

with SMA 2 and in about 50% of individuals with SMA 3. With 

support alone, nearly 50% of children with the disease, primarily 

those who are unable to ambulate, create spinal curvatures 

greater than 50 degrees by age 10, usually requiring a surgical 

approach. If the development of the disease continues, those 

affected may develop thoracic kyphosis. This progressive 

scoliosis alters pulmonary competence and in complex cases can 

lead to reduced cardiac output. The use of a titanium vertical 

expandable prosthetic rib is a potential treatment for 

complicated scoliosis. 

Metabolic: Prolonged fasting should be avoided, because a 

possible unanswered complication of SMA is severe metabolic 

acidosis plus dicarboxylic aciduria and low serum carnitine 

pools in the intervening stages or prolonged fasting. Whether the 

metabolic abnormalities are primary or consequent to the 

underlying disturbance in SMA is not known for certain at this 

time. Although the cause of these metabolic disturbances 

remains obscure at this time, one reference reports that aberrant 

glucose metabolism may play an important role(6). 

 

Treatment 
Within the treatment of the clinical manifestations presented by 

patients with spinal muscular atrophy there are therapies that are 

exclusively directed to the underlying action of the ailment 

among these 2 drugs stand out: 

➢ Nusinersen, an antisense oligonucleotide, can be used 

for the therapy of all types of SMA.  

➢ Onasemnogene abeparvovec-xioi, a gene replacement 

therapy for the management of SMA type 1.  

These targeted treatments may prevent the formation of 

symptoms or delay them. If started prior to the onset of 

symptoms, the efficacy of the therapy is increased, however, it is 

not yet clear what long-term effect they may have, or whether 

different phenotypes will appear in treated patients. 
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When nutritional disorders or dysphagia occur, early 

gastrostomy tube placement may be considered, in addition to 

treatment for gastroesophageal reflux disease and chronic 

constipation. Formal review and follow-up by a pulmonary 

specialist familiar with the disease is mandatory. With 

worsening respiratory symptoms, tracheostomy or noninvasive 

respiratory support may be considered. Surgical repair of 

scoliosis should be chosen depending on the progression of the 

curvature, pulmonary function and bone maturity(6). 

Within the perspective of symptom-free treatment, it can be said 

that being a monogenetic neuromuscular disease, the final 

phenotypic range is labyrinthine and SMA is most of the time 

perceived as a systemic disease. Therefore, the care of patients 

with SMA needs a correct interdisciplinary management of 

nutritional-gastroenterological, respiratory-ventilatory, 

orthopedic-postural and psychosocial problems. This proactive 

multidisciplinary supportive therapy is extremely important to 

reduce the severity of symptoms, especially in the most severe 

cases. The activation of standards of care is highly mutable and 

is usually affected by socioeconomic factors, availability of 

regional assets and cultural views. In recent times, there are new 

updates of useful recommendations for the diagnosis of spinal 

muscular atrophy, as well as for the best patient care(1,17,24-

26). 

 

Within the therapeutic perspective and drug treatment, there are 

several studies of different compounds in recent years among 

which are some with approaches to increase muscle strength and 

function through: 

➢ Hyperacetylating agents such as phenylbutyrate or 

valproic acid. 

➢ Anabolic agents such as thyrotropin-releasing hormone, 

albuterol and growth hormone.  

➢ Neuroprotective agents such as olesoxime, gabapentin 

and riluzole. 

The actual therapeutic developments can be subclassified into 

treatments whose mission is to modify the SMN2 connection, to 

substitute the SMN1 gene or to regulate the increase of muscle 

growth(1,17,27-31). 

 

CONCLUSIONS 
Spinal muscular atrophy (SMA) is an autosomal recessive 

neuromuscular disease characterized by atrophy and muscle 

weakness resulting from irreversible loss and progressive 

degeneration of the brainstem nuclei and anterior horn cells in 

the spinal cord (lower motor neurons). Clinically it presents with 

symmetrical proximal limb weakness that also impacts the axial 

muscles, intercostal and bulbar musculature and is progressive, 

and the classification protocol is important in genetics, as well 

as providing prognostic and clinical information. The natural 

history of the disease is variable and complicated. About 95% of 

the occurrences of spinal muscular atrophy are generated by 

homozygous deletions. This is done by demonstrating a history 

of proximal muscle weakness, motor difficulties or regression, 

diminished or missing deep tendon reflexes. Among the most 

frequent complications in individuals who do not receive 

support are those previously mentioned such as poor weight gain 

with growth retardation, scoliosis, restrictive lung disease, joint 

contractures and difficulties in falling asleep. In terms of 

treatment, several different compounds have been investigated 

in recent years, focused on increasing muscle strength and 

function. Proactive supportive treatment involving a 

multidisciplinary team is paramount to decrease the severity of 

symptoms. 
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