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Introduction 

Scoliosis is a three-dimensional deformity of the spine 
characterized by lateral curvature and vertebral rotation, 
commonly developing during adolescence. Adolescent 
Idiopathic Scoliosis (AIS) is the most prevalent form, affecting 2–
4% of children between ages 10 and 18, with a higher incidence 
in females. While mild curves are often asymptomatic, 
progressive scoliosis can lead to physical deformity, back pain, 
cardiopulmonary compromise and psychosocial issues. Early 
diagnosis and accurate assessment of curve progression are 
crucial for optimizing treatment outcomes. Advances in imaging, 
bracing technology and surgical techniques have significantly 
improved the management of adolescent scoliosis, enabling 
personalized interventions that correct deformity, preserve 
spinal function and enhance quality of life. Understanding the 
pathophysiology, natural history and biomechanical implications 
of scoliosis is essential for guiding contemporary diagnostic and 
therapeutic strategies [1]. 

Description 

The etiology of adolescent scoliosis remains multifactorial, with 
genetic, biomechanical and environmental factors contributing 
to curve development. Idiopathic scoliosis, accounting for the 
majority of adolescent cases, is thought to involve abnormalities 
in spinal growth regulation, neuromuscular control and 
connective tissue integrity. Research indicates a potential role 
of genetic predisposition, with mutations in genes associated 
with skeletal development, extracellular matrix components 
and growth hormone signaling. Biomechanical factors, including 
asymmetrical vertebral loading and muscular imbalances, may 
exacerbate curve progression during rapid growth phases. 
Hormonal influences and neuromuscular asymmetry are also 
implicated in curve pathogenesis, reflecting the complex 
interplay of systemic and local factors in AIS development [2]. 

Diagnosis of scoliosis in adolescents begins with a thorough 
clinical evaluation. Observation of spinal alignment, shoulder and 
hip symmetry and the presence of rib humps or trunk rotation is 
essential. The Adam’s forward bend test is widely used as a 
screening tool, enabling detection of rib prominence indicative of 
spinal rotation. Confirmatory imaging is critical for accurate 
diagnosis and assessment of curve magnitude. Conventional 
radiographs remain the gold standard, with standing 
posteroanterior and lateral views providing measurement of the 
Cobb angle, vertebral rotation and sagittal profile. Curve severity, 
skeletal maturity and growth potential guide treatment planning. 
Advanced imaging modalities, including low-dose EOS imaging 
and Magnetic Resonance Imaging (MRI), provide detailed three-
dimensional assessment of the spine while minimizing radiation 
exposure. MRI is particularly useful for detecting underlying 
intraspinal anomalies, such as tethered cord, syringomyelia, or 
spinal cord tumors, which may influence management decisions 
[1]. 

     Non-surgical management is indicated for mild to moderate 
curves, particularly in skeletally immature patients. Bracing 
remains the cornerstone of conservative treatment, aiming to halt 
curve progression during periods of rapid growth. Modern brace 
designs, including ThoracoLumboSacral Orthoses (TLSO) and 
custom-fitted three-dimensional braces, optimize corrective 
forces while improving patient comfort and compliance. Recent 
innovations incorporate CAD/CAM technology, sensor-based 
monitoring and adjustable tension systems to personalize bracing 
and maximize efficacy. Physical therapy, postural exercises and 
core strengthening complement bracing by improving spinal 
alignment, muscular balance and functional capacity. Early 
detection and adherence to conservative interventions are 
associated with reduced need for surgical correction and 
improved long-term outcomes. 

        Surgical intervention is indicated for severe curves, typically 
greater than 45–50 degrees, progressive deformities, or those 
associated with functional compromise. 
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The primary goals of surgery are curve correction, spinal 
stabilization and preservation of mobility. Posterior Spinal 
Fusion (PSF) with segmental instrumentation is the most 
commonly performed procedure, involving the placement of 
pedicle screws and rods to correct deformity and achieve fusion 
of affected vertebral segments. Modern instrumentation 
techniques allow three-dimensional correction of coronal, 
sagittal and rotational deformities while minimizing 
complications. Anterior spinal fusion, less commonly used, 
provides direct disc access and is indicated for specific curve 
patterns, particularly thoracolumbar and lumbar curves. 

Conclusion 

Adolescent scoliosis is a complex spinal deformity with 
significant implications for physical function, aesthetics and 
quality of life. Modern diagnostic approaches, including 
advanced imaging, three-dimensional assessment and 
biomechanical evaluation, facilitate early detection, accurate 
characterization and risk stratification of curve progression. 
Non-surgical interventions, such as bracing and targeted 
physiotherapy, remain effective for mild to moderate curves, 
particularly in skeletally immature patients. Surgical strategies, 
including posterior and anterior spinal fusion, minimally invasive 
approaches and growth modulation techniques, provide durable 
correction and stabilization for severe or progressive 
deformities. Innovations in navigation, robotics and 
intraoperative monitoring have improved safety, precision and 

outcomes. Future directions emphasize regenerative therapies, 
personalized treatment planning and minimally invasive 
interventions that preserve mobility while controlling deformity. 
An integrated, multidisciplinary approach encompassing early 
diagnosis, individualized management and postoperative 
rehabilitation is essential for optimizing functional recovery and 
long-term spinal health in adolescents with scoliosis. 
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