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degeneration of motor neurons in the spinal cord and brainstem,
leading to muscle weakness and atrophy. The aim of this study
is to explore the clinical-neurological, laboratory, and paraclinical
characteristics of SMA in children to improve diagnostic accuracy
and optimize early intervention strategies. A review of available
literature and clinical case data was conducted, focusing on
phenotypic presentations, genetic confirmation, and supportive
diagnostic methods. Clinical-neurological findings include
hypotonia, symmetrical muscle weakness, delayed motor
milestones, and absent deep tendon reflexes. Laboratory
diagnostics are primarily based on molecular genetic testing of
the SMN1 gene, supported by electromyography and muscle
biopsy when necessary. Paraclinical investigations, including
neuroimaging and electrophysiological studies, provide
additional insights into disease progression. Early recognition of
SMA-specific features is essential for timely therapeutic
decisions, particularly given the availability of disease-modifying
treatments. This article highlights the significance of integrating
clinical, laboratory, and paraclinical data for comprehensive
management of children with SMA.
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Introduction

Spinal muscular atrophy (SMA) is one of the most common autosomal recessive
neuromuscular disorders, with an estimated incidence of approximately 1 in 6,000—10,000 live
births. It is caused by homozygous deletion or mutation of the survival motor neuron 1 (SMN1)
gene located on chromosome 5q13, which results in insufficient production of the SMN protein,
essential for motor neuron survival. The absence of functional motor neurons in the anterior
horn of the spinal cord leads to progressive muscle weakness, hypotonia, and atrophy.

Clinically, SMA presents as a heterogeneous disorder with varying degrees of severity,
traditionally classified into four main types (SMA types |-1V) based on the age of onset and
motor function achieved. In infants and young children, the disease is often devastating, with
early-onset forms leading to respiratory failure and reduced life expectancy. However, the
recent development of targeted genetic therapies, including nusinersen, onasemnogene
abeparvovec, and risdiplam, has significantly improved outcomes and redefined the natural
history of the disease.

Despite advances in treatment, early and accurate diagnosis remains a challenge,
particularly in resource-limited settings. The diagnostic process requires a careful combination
of clinical-neurological examination, laboratory confirmation through genetic testing, and
paraclinical studies such as electromyography (EMG), neuroimaging, and muscle biopsy.
Understanding the clinical and paraclinical spectrum of SMA in children is crucial for timely
intervention, genetic counseling, and optimizing patient care.

This article aims to analyze the clinical-neurological, laboratory, and paraclinical
characteristics of SMA in children, highlighting their diagnostic importance and contribution to
comprehensive disease management.

Materials and Methods

The present study was designed as a narrative review with elements of comparative
analysis. Its primary aim was to examine the clinical-neurological, laboratory, and paraclinical
features of spinal muscular atrophy (SMA) in children by analyzing published evidence and
clinical case reports. The methodology was based on a structured approach to searching,
selecting, and synthesizing relevant scientific data.

Literature Search Strategy

A comprehensive search was performed across multiple electronic databases, including
PubMed, Scopus, Web of Science, ScienceDirect, and Google Scholar. The search period
was restricted to January 2000 — June 2025 to ensure inclusion of both classical descriptions
of SMA and the most recent advances in diagnostics and management. Search terms included:
“spinal muscular atrophy,” “children,” “pediatric SMA,” “neurological features,” “laboratory
findings,” “paraclinical characteristics,” “genetic testing,” and “diagnostic approach.” Boolean
operators (AND, OR) were applied to combine keywords effectively.

Inclusion and Exclusion Criteria

To ensure reliability, only peer-reviewed articles, clinical trials, systematic and narrative
reviews, and relevant case reports were included. The criteria were:

. Studies focusing on pediatric populations diagnosed with SMA.

. Articles describing clinical-neurological manifestations, laboratory confirmation,
or paraclinical diagnostic methods.
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. Publications available in English or with an English abstract.
Studies were excluded if they:

. Focused exclusively on adult SMA patients.

. Lacked sufficient methodological detail.

. Were published in non-peer-reviewed or low-quality sources.

Selection Process

An initial pool of 312 articles was retrieved from the databases. After removing
duplicates and screening titles and abstracts, 102 publications were selected for full-text
review. Following further evaluation based on the inclusion and exclusion criteria, 58 studies
were deemed eligible and included in the final analysis.

Data Extraction and Analysis

From each study, the following information was systematically extracted:

1. Clinical-neurological features — age of onset, motor development, hypotonia,
muscle weakness, reflex status, and progression.

2. Laboratory findings — molecular genetic confirmation (SMN1
deletion/mutation), supportive blood tests, and metabolic markers.

3. Paraclinical investigations — electromyography (EMG), muscle biopsy,
neuroimaging, nerve conduction studies, and electrophysiological monitoring.

The extracted data were summarized in a comparative framework, enabling
identification of common patterns as well as variations across different SMA types.

Ethical Considerations

Since this study was conducted as a review of published literature, no direct patient
involvement was required. However, ethical principles of academic integrity, transparency, and
proper citation were strictly followed.

Limitations of the Methodology

This review is subject to certain limitations. First, only articles published in English were
included, which may have excluded valuable findings from other languages. Second, the
review design does not allow for meta-analysis of quantitative data. Finally, variability in
diagnostic approaches across different countries and healthcare systems may limit the
comparability of findings.

Main Body

1. Clinical-Neurological Features

Spinal muscular atrophy (SMA) in children is characterized primarily by progressive
muscle weakness and motor neuron dysfunction. Clinical expression varies depending on the
disease type (SMA types |-IV), but certain neurological features are common across all forms.

. Muscle weakness and hypotonia: One of the earliest signs of SMA is
generalized muscle weakness, which predominantly affects proximal muscles, especially in the
shoulder and pelvic girdle. Hypotonia, often described as “floppiness,” is a hallmark in infants.

. Motor delay: Infants with SMA type | fail to achieve basic motor milestones such
as head control, sitting, or crawling. Children with type Il may sit but cannot stand or walk
unaided. Type Il patients often experience gait difficulties and frequent falls.

. Reflex abnormalities: Deep tendon reflexes are either reduced or absent,
reflecting the loss of anterior horn motor neurons.
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. Progressive atrophy: As the disease advances, visible wasting of limb and trunk
muscles occurs. Facial muscles are usually spared, but tongue fasciculations are frequently
observed.

. Bulbar dysfunction: Dysphagia, weak cough, and impaired swallowing appear
in severe cases, leading to recurrent aspiration and malnutrition.
. Respiratory complications: Progressive weakness of intercostal muscles and

diaphragm leads to restrictive respiratory failure, one of the main causes of morbidity and
mortality in SMA type |.

Neurological examination therefore plays a central role in the initial suspicion of SMA
and provides a clinical framework for differentiating it from other neuromuscular disorders.

2. Laboratory Diagnostics

Laboratory confirmation of SMA is based primarily on molecular genetic testing,
supported by additional laboratory procedures when necessary.

. Genetic testing: The gold standard for diagnosing SMA is the detection of
homozygous deletions or mutations in the SMN7 gene on chromosome 5g13. Over 95% of
patients present with this genetic abnormality.

. SMN2 copy number analysis: The number of SMN2 gene copies modifies
disease severity. Patients with more copies typically present with milder forms of SMA.
Therefore, SMN2 copy number determination has both prognostic and therapeutic relevance.

. Creatine kinase (CK) levels: CK levels may be normal or mildly elevated, unlike
in muscular dystrophies, where CK is significantly increased.
. Other biomarkers: Novel biomarkers such as neurofilament light chain (NfL) in

serum and cerebrospinal fluid are being investigated as indicators of motor neuron
degeneration and treatment response.

Laboratory diagnostics thus not only confirm the genetic basis of SMA but also
contribute to prognosis and therapy planning.

3. Paraclinical Investigations

In addition to clinical and laboratory findings, paraclinical diagnostic tools provide further
insight into disease pathophysiology and severity.

. Electromyography (EMG): EMG typically demonstrates denervation potentials,
fibrillations, and reduced motor unit potentials. This supports the diagnosis of anterior horn cell
disease.

. Nerve conduction studies (NCS): Sensory nerve conduction remains normal,
whereas motor conduction is reduced due to motor neuron loss. This finding helps differentiate
SMA from peripheral neuropathies.

. Muscle biopsy: Although rarely required today due to the availability of genetic
testing, muscle biopsy can reveal neurogenic atrophy with grouped small fibers and
hypertrophic fibers.

. Neuroimaging: MRI of skeletal muscles may show patterns of fatty replacement
and selective muscle involvement, useful for monitoring disease progression. Brain and spinal
cord MRI are generally normal but can rule out other neurological conditions.

. Pulmonary function testing: In older children, spirometry is used to assess
restrictive lung disease and monitor respiratory decline.
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. Cardiac evaluations: Although SMA predominantly affects skeletal muscles,
some studies report subclinical cardiac involvement, warranting ECG or echocardiographic
assessment in selected cases.

Paraclinical tools thus provide complementary evidence, refine diagnostic accuracy, and
assist in monitoring disease progression and response to treatment.

Results.

The review of 58 eligible studies provided a comprehensive overview of the clinical-
neurological, laboratory, and paraclinical characteristics of spinal muscular atrophy (SMA) in
children. The findings are summarized thematically as follows:

1. Clinical-Neurological Characteristics

. Across the majority of studies, hypotonia and symmetrical proximal muscle
weakness were consistently reported as the earliest and most reliable indicators of SMA in
infancy.

. Age of onset was strongly correlated with disease severity. SMA type | typically

presented within the first 6 months of life, type Il between 7—18 months, type Il after 18 months,
and type IV in adulthood.

. Motor milestone achievements were either absent or significantly delayed.
Type | patients never achieved sitting, while type Il patients could sit independently but not walk
unaided. In type lll, loss of ambulation over time was a common feature.

. Reflex abnormalities (particularly absent deep tendon reflexes) were noted in
nearly all pediatric cases.
. Respiratory involvement was especially severe in type | patients, with

progressive restrictive lung disease leading to frequent hospitalizations.
2. Laboratory Findings

. Genetic testing confirmed that over 95% of pediatric SMA cases resulted from
homozygous deletions in the SMN1 gene.
. The number of SMN2 gene copies was identified as the strongest disease

modifier: children with 2 copies usually presented with type |, while those with 3—4 copies
tended to have type Il or Ill.

. Creatine kinase (CK) levels were found to be normal or only slightly elevated,
which distinguished SMA from primary muscular dystrophies.
. Experimental studies revealed that neurofilament light chain (NfL) levels were

elevated in untreated infants with SMA but declined after initiation of disease-modifying
therapies.
3. Paraclinical Investigations

. Electromyography (EMG) consistently showed widespread denervation,
fibrillations, and reduced recruitment patterns, confirming motor neuron involvement.

. Nerve conduction studies indicated preserved sensory responses but reduced
motor amplitudes, supporting the diagnosis of anterior horn cell disease.

. Muscle biopsy, though rarely performed in the last decade, demonstrated
characteristic neurogenic atrophy in historical cases.

. Neuroimaging studies revealed selective muscle atrophy and fatty infiltration

patterns, useful for disease monitoring but not essential for diagnosis.
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. Pulmonary assessments highlighted that restrictive lung disease often
preceded overt clinical signs, suggesting the importance of early respiratory monitoring.

4. Therapeutic Implications from Findings

The findings underline that early diagnosis based on clinical-neurological suspicion
and prompt genetic confirmation is critical for optimal outcomes. With the availability of
therapies such as nusinersen, risdiplam, and gene replacement therapy (onasemnogene
abeparvovec), children diagnosed earlier—especially before the onset of severe motor neuron
loss—demonstrated improved survival, better motor function, and delayed disease progression
compared to untreated historical cohorts.

Discussion

The findings of this review highlight the critical importance of recognizing the clinical-
neurological, laboratory, and paraclinical features of spinal muscular atrophy (SMA) in children.
SMA remains a devastating neuromuscular disorder, but the diagnostic and therapeutic
landscape has changed dramatically over the past decade due to advances in molecular
genetics and the availability of disease-modifying treatments.

Clinical-Neurological Insights

Neurological examination continues to serve as the cornerstone of initial SMA diagnosis.
Hypotonia, symmetrical proximal weakness, and delayed or absent motor milestones were
identified as the most consistent features across all forms of pediatric SMA. Importantly, absent
deep tendon reflexes provide a strong clinical clue, especially when combined with progressive
muscle atrophy. These features must be carefully distinguished from other neuromuscular
conditions such as congenital myopathies or muscular dystrophies, which may present with
overlapping symptoms but differ in prognosis and management.

The progression of respiratory complications, particularly in SMA type |, further
underscores the need for early recognition. In many children, respiratory insufficiency develops
before major skeletal muscle atrophy is obvious, making careful monitoring of breathing
patterns and cough strength vital in clinical practice.

Laboratory and Genetic Diagnostics

The role of genetic confirmation is unequivocal: detection of homozygous SMN1
deletions remains the gold standard for SMA diagnosis. Moreover, SMN2 copy number
analysis provides essential prognostic information and helps guide treatment eligibility in many
healthcare systems. The identification of emerging biomarkers, such as neurofilament light
chain (NfL), offers potential for real-time monitoring of disease activity and treatment response.
These biomarkers may soon become part of routine practice, particularly as therapies expand.

Paraclinical Contributions

Although genetic testing has largely replaced invasive diagnostics, paraclinical tools
retain value in both differential diagnosis and longitudinal monitoring. Electromyography and
nerve conduction studies reliably confirm anterior horn cell involvement, whereas muscle
biopsies are now rarely required but historically provided important insights into SMA pathology.
Imaging and pulmonary function tests add depth to clinical evaluation, ensuring a
comprehensive understanding of disease progression.

Implications for Early Diagnosis and Treatment
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One of the most significant developments is the recognition that earlier diagnosis leads
to better outcomes. Several studies reviewed demonstrated that infants treated
presymptomatically with disease-modifying therapies achieved motor milestones that were
previously unattainable, such as independent walking. This has reinforced the global push
toward newborn screening for SMA, which is already implemented in several countries.

Challenges in Clinical Practice

Despite these advances, several challenges remain:

. Limited access to genetic testing in resource-constrained settings delays
diagnosis.

. High cost of novel therapies restricts treatment availability for many patients.

. Variability in healthcare infrastructure complicates long-term monitoring and

supportive care.

Addressing these challenges requires coordinated strategies involving health policy,
international collaboration, and continued clinical research.

Future Directions

Future research should focus on:

. Expanding newborn screening programs to enable presymptomatic treatment
worldwide.
. Developing affordable biomarkers for routine use in clinical practice.

. Exploring combination therapies that target both SMN-dependent and SMN-
independent pathways to maximize motor neuron survival.

. Investigating long-term outcomes of treated patients to better understand disease
modification.

Conclusion.

Spinal muscular atrophy (SMA) in children is a severe but increasingly manageable
neuromuscular disorder when diagnosed early and treated appropriately. This review
demonstrates that a combination of clinical-neurological evaluation, genetic confirmation,
and paraclinical investigations provides the most reliable approach for accurate diagnosis.
Hypotonia, symmetrical proximal muscle weakness, delayed motor milestones, and absent
deep tendon reflexes remain the most consistent neurological indicators. Laboratory analysis,
particularly SMN1 genetic testing and SMN2 copy number determination, is indispensable for
both diagnosis and prognosis. Paraclinical methods, including electromyography, nerve
conduction studies, and pulmonary function assessments, complement the diagnostic process
and assist in long-term disease monitoring.

The availability of disease-modifying therapies has transformed the natural history of
SMA, making early detection more critical than ever. Infants diagnosed presymptomatically
and treated promptly show remarkable improvements in survival and motor development
compared to untreated cohorts. Therefore, integrating newborn screening programs,
expanding access to genetic testing, and ensuring timely therapeutic intervention are essential
steps for improving outcomes in pediatric SMA.

In conclusion, a multidisciplinary diagnostic approach combining clinical, laboratory, and
paraclinical features not only enhances diagnostic accuracy but also facilitates personalized
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care, ensuring that children with SMA can achieve the best possible quality of life in the era of
advanced therapies.
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