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ABSTRACT

Motor neurons are divided into upper motor neurons and lower motor neurons. Upper motor neurons transmit signals produced in the brain to 
the lower motor neurons. Lower motor neurons transmit these signals to the muscles of respective regions of the body to initiate motion. Injury to 
these motor neurons mainly result in motor neuron diseases, which may cause serious complications and death. This review discusses the definition, 
epidemiology, etiology, clinical symptoms, diagnosis, and treatment methods of the motor neuron diseases of amyotrophic lateral sclerosis and spinal 
muscular atrophy.
Keywords: Amyotrophic lateral sclerosis, lower motor neuron, spinal muscular atrophy, upper motor neuron.

Nerve cells that enable the flow of information 
between the central nervous system and peripheral 
nervous system by transmitting signals generated 
in the brain’s motor cortex to the spinal cord, and 
from the spinal cord to skeletal muscles are called 
motor neurons. A motor neuron consists of a 
soma (cell body), axon (nerve fiber), and dendrites 
(terminal projections that receive signals).

Motor neurons are divided into upper motor 
neurons (first-order motor neurons) and lower 
motor neurons (second-order motor neurons). 
Cell bodies of upper motor neurons are found in 
the brain’s motor cortex and transmit generated 
signals to the lower motor neurons in the 
brainstem and spinal cord anterior horn while 
continuously regulating these neurons. Although 
lower motor neurons with soma in the brainstem 
mostly innervate the head and neck muscles, 
those with soma in the spinal cord innervate the 
torso and limb muscles. Signals transmitted to the 
lower motor neurons are communicated to the 
respective muscles through the neuromuscular 

junction. Motor neuron diseases are characterized 
by the degeneration of first and second order 
motor neurons, and the term is generally used 
as an equivalent of amyotrophic lateral sclerosis 
(ALS), the most common of these diseases.[1]

While clinical signs such as hyperreflexia, 
clonus, hypertonia, extensor plantar reflex 
(Babinski sign), and muscle weakness are 
observed in upper motor neuron lesions, clinical 
signs of atrophy, muscle weakness, hyporeflexia, 
fasciculation, and hypotonia occur in lower 
motor neuron lesions.[1] This review discusses the 
epidemiology, etiology, diagnosis, and treatment 
methods in the motor neuron diseases ALS and 
spinal muscular atrophy (SMA).

AMYOTROPHIC LATERAL 
SCLEROSIS

Amyotrophic lateral sclerosis is a progressive 
morbid disease that occurs as a result of 
degenerations of upper and lower motor neurons 
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in the primary motor cortex, brainstem, and 
spinal cord.[1] The first discovery of the disease 
is known to start with Aran Duchenne; however, 
it was first described by the French neurologist 
Dr. Jean-Martin Charcot, which is why the disease 
is also referred to as Charcot disease in many 
countries.[2]

Amyotrophic lateral sclerosis worldwide 
incidence is 4-8/100,000.[1] Men have a higher 
incidence compared to women.[3] Amyotrophic 
lateral sclerosis incidence increases with age. Age 
of onset varies between familial and sporadic 
cases. Mean onset is after 50 years of age in 
sporadic ALS, while familial ALS occurs about a 
decade earlier.[4-6]

The first gene discovered in ALS patients 
was the superoxide dismutase 1 (SOD1) gene 
located on chromosome 21.[1,7] Superoxide 
dismutase 1 protein produced by this gene 
exhibits antioxidant effect by breaking down 
superoxide radicals into hydrogen peroxide and 
molecular oxygen. Studies have suggested that 
mutation of this gene causes SOD1 protein to 
gain a toxic attribute.[1] Superoxide dismutase 1 
is responsible for 20% of familial cases.[8] At the 
same time, studies on cell cultures have revealed 
that SOD1 overexpressing itself causes apoptosis 
in motor neurons.[9]

TAR-DNA-Binding Protein (TDP-43) 
was discovered after SOD1.[10] This protein is 
synthesized in large numbers in all tissues[11] and 
plays a role in RNA processing, transport, and 
splicing.[12] TDP-43, normally found in the nucleus, 
accumulates as inclusions in the cytoplasm in 
pathological conditions. This is observed not 
only in ALS but also in frontotemporal dementia 
(FTD), which has pathophysiological mechanisms 
common to ALS. Autopsy studies on ALS patients 
conducted in the 1990s revealed ubiquitin positive 
inclusions in motor neurons. In 2006, it was 
concluded that TDP-43 was the main substance of 
low-solubility ubiquitin positive inclusions in ALS 
and FTD.[10] Cytoplasmic aggregation of TDP-43 
is not specific to ALS and FTD. Although it has 
also been observed in other neurodegenerative 
diseases, mutations of TDP-43 are specific to 
ALS and rarely in FTD.[11]

Fused in sarcoma (FUS) was discovered later 
on.[13,14] These proteins play a role in RNA biology 
and DNA repair.[11,13] They are normally found in 

the nucleus and are aggregated in the cytoplasm 
in ALS.[14]

Aside from these, there are many other causes 
of ALS. Genetic factors, apoptosis, heavy metals 
such as lead and mercury, glutamate excitotoxicity, 
trauma, oxidative stress, and viral infections may 
also play a role in ALS development.[15] Early 
morbidity can occur 2-3 years after ALS onset 
due to respiratory failure and loss of mental and 
physical abilities.[16] The life expectancy of ALS 
after diagnosis is 3-4 years but may vary between 
1-20 years.[17-19]

Clinical findings

Symptoms of upper motor neuron and lower 
motor neuron involvement both observed in 
ALS. Upper and lower motor neuron findings 
differ. Although spasticity, clonus and some 
pathological reflexes are signs of upper motor 
neuron pathologies, atrophy, muscle weakness 
and fasciculations are signs of lower motor 
neuron pathologies. The predominance of these 
findings may vary from person to person, as 
well as a combination of both may be observed 
in limbs.[1] At the same time, regions of initial 
symptoms may vary among patients. Spinal-onset 
ALS manifests as asymmetrical weakness that 
spreads to other regions of the body within a few 
months, also affecting respiratory muscles.[20-22] 
Lower motor neuron symptoms in spinal-onset 
ALS include fasciculations, muscle atrophy, and 
hyporeflexia. Upper motor neuron symptoms 
include Babinski and Hoffman sign, hyperreflexia, 
and hypertonia.[22,23]

Bulbar-onset ALS is more common and 
account for about 20-30% of ALS patients. 
Since respiratory muscles are affected more 
quickly, these patients have generally shorter 
life expectancy compared to spinal-onset ALS 
patients.[22] Lower motor neuron symptoms 
include atrophy, dysarthria, fasciculations in the 
tongue, and weakness in facial muscles.[22,24] 
Upper motor neuron symptoms include slowing 
of tongue motions, slurred speech, as well as 
changes in speaking voice.[22,24,25] Pseudobulbar 
effects may be present. These effects usually 
manifest as behaviors of uncontrolled crying and 
laughter.[22,25] Frontotemporal dementia may also 
occur in ALS patients. Frontotemporal dementia 
is the second most common form of dementia 
following Alzheimer’s disease.[22,26]
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Diagnosis

Amyotrophic lateral sclerosis diagnosis 
requires thorough medical history 
accompanied by clinical findings. In addition, 
electrophysiological examinations also 
hold diagnostic significance.[27,28] A number 
of laboratory methods may be used when 
necessary. In 1990, the El Escorial criteria 
(EEC) were developed to diagnose ALS. These 
criteria were later reviewed and the revised EEC 
was developed in 2000.[28]

Later, the Awaji-Shima criteria increased the 
sensitivity of diagnosis in ALS.[29] Awaji-Shima 
criteria sensitivity is 81.1% compared to EEC 
sensitivity of 62.2%.[30]

Treatment

Although there is no cure for this disease, 
medical and symptomatic therapies can improve 
the living standards of the patients. The food and 
drug administration-approved drug Riluzole is used 
in the medical treatment of the disease. Riluzole 
inhibits the presynaptic release of glutamic acid 
and reduces the neuronal damage caused by 
glutamic acid. In addition to riluzole, symptomatic 
therapy for weakness, insomnia, pseudobulbar 
involvement (uncontrolled episodes of laughter and 
crying), dysarthria (speech disorder), dysphagia 
(difficulty swallowing) and sialorrhea (failure to 
swallow saliva) during the course of the disease is 
also applied.[1]

SPINAL MUSCULAR ATROPHY
Spinal muscular atrophy is an autosomal 

recessive neuromuscular disease in which anterior 
horn cells in the spinal cord and motor nuclei 
in the brainstem undergo degeneration causing 
weakness and atrophy in muscles. As a result of 
failure to transmit signals from the muscle due 
to damage to the anterior horn cells, muscles 
undergo atrophy and weakness.[31,32]

Etiology

In 1995, the survival motor neuron (SMN) 
gene on chromosome 5 was identified as a cause 
of the disease.[33] The SMN gene is expressed 
throughout body and produces the 294 amino 
acid SMN protein of 38 kDa.[34] This protein is 
found in the cytoplasm and nucleus.[35] The SMN 
protein ensures axonal transport and integrity 

of motor neurons and is also effective in the 
formation of small nuclear ribonucleoproteins 
(snRNP) involved in mRNA splicing.[31,32]

This gene has two copies, the SMN1 (telomeric) 
and SMN2 (centromeric).[31] They differ from each 
other by five nucleotides, but the most important 
difference is thymine instead of cytosine in 
exon 7 of SMN2. This does not alter the amino 
acid sequence, but exon 7 causes alternative 
splicing.[33,36]

While SMN1 produces full-length transcripts 
(SMNFL), 90% of SMN2 produces transcripts 
that lack exon 7 (SMNΔ7) and 10% produce full-
length transcripts (SMNFL).[33,36,37] SMN protein 
stability affects oligomerization.[38] SMN can 
self-assemble and oligomerize.[39,40] SMNΔ7 will 
oligomerize less than SMNFL and its majority is 
produced as monomer.[39,40] These monomers are 
unstable and will easily degrade,[38] decreasing 
SMN protein levels in tissues.[32]

SMN1 is responsible for the pathogenesis of 
SMA.[31] About 95% of patients have homozygous 
deletion of the SMN1 gene.[41] The number of 
copies of SMN2 is responsible for the severity 
of the disease.[31] Patients have at least one copy 
of 2-4 SMN2 copies.[31] Typically, SMA type 1 
patients have two copies, type 2 patients have 
three, and type 3 and 4 have three or four 
copies.[42-44] Consequentially, patients with less 
SMN2 gene copies have greater severity of 
disease.[45]

Epidemiology

The autosomal recessive form of the disease is 
the second most common disease in children after 
cystic fibrosis and its incidence varies between 
1/6,000-1/10,000, while incidence of carriers 
ranges between 1/40-1/60.[46,47]

Classification of disease and clinical 
findings

Although SMA is one of the most common 
diseases in children, it may also affect adults. The 
International SMA consortium classifies childhood 
SMAs into three different categories:[48]

a. SMA type 1 (Werdnig-Hoffman’s Disease/
Acute Infantile SMA)

b. SMA type 2 (Subacute Form/Intermediate 
Form)

c. SMA type 3 (Kugelberg-Welander Disease)
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Spinal muscular atrophy type 4 is the adult 
form of the disease.[49] These clinical forms can be 
summarized as: type 1 cannot sit, type 2 cannot 
walk, and type 3 cannot run. Difficulty walking is 
also observed in type 4.[49]

SMA type 1 (Werdnig-Hoffman Disease)

This form has the earliest onset and is the 
severest form.[31] It can occur at birth or in the 
first six months as well as in the prenatal period, 
in which case the patient is classified as type 0.[50] 
These patients cannot control their heads or sit 
independently and have clinical symptoms of 
hypotonia, respiratory failure, muscle weakness, 
and difficulty swallowing and nursing.[31,51] Patients 
usually die before age two.[31]

SMA type 2 (Subacute/Intermediate Form)

Clinical symptoms emerge within the first 7-18 
months of early life.[31] Patients can sit unsupported 
but cannot walk by themselves.[1,31] Clinical 
symptoms include tremor, joint contractures, and 
scoliosis.[31] Most patients reach adulthood but 
usually suffer early morbidity and mortality due to 
respiratory failure.[1]

SMA type 3 (Kugelberg-Welander)

This form is the mildest form of the disease.[52] 
Symptoms begin after 18 months, presenting 
as proximal muscle weakness.[1,31] A portion of 
patients lose their ability to walk at some point of 
their life.[1] Patients who lose their ability to walk 
develop conditions such as osteoporosis, obesity, 
and scoliosis.[31,53-55]

SMA type 4 (Adult SMA)

This form occurs in adults. Proximal muscle 
weakness is present. These patients can walk by 
themselves.[31]

Diagnosis

There is currently no cure for SMA.[31] 
Symptomatic therapies can be applied to improve 
clinical symptoms. Physical therapy can prevent 
complications of muscle weakness and orthopedic 
treatment can improve scoliosis. When left 
untreated, difficulty in breathing may develop. 
Since mortalities due to respiratory failure 
are common especially in type 1 and type 2, 
respiratory treatment is considerably important 
in these patients.[56] For medical treatment, 
nusinersen (Spinraza) is used. Although the SMN1 

gene produces the functional SMNFL, SMNFL 
is produced only by SMN2 in a very low amount 
(10%) because SMN1 gene is disrupted in the 
majority of patients. SMN2 mostly produces 
SMNΔ7 (90%). These products are unstable 
and undergo degradation. Nusinersen effects the 
SMN2 gene by increasing the number of SMN2 
copies and amount of functional protein.[57]
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