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Introduction 

Vertebral fractures represent a significant clinical concern, 
particularly in aging populations and individuals with 
compromised bone integrity. These fractures, resulting from 
trauma, osteoporosis, or pathological conditions such as 
malignancy, can lead to severe pain, spinal deformity, 
neurological deficits and long-term disability. Vertebral fractures 
are the most common type of osteoporotic fracture, often 
underdiagnosed and frequently associated with subsequent 
fractures, reduced mobility and increased morbidity and 
mortality. Timely and accurate diagnosis, effective management 
and prognostic assessment are critical for minimizing 
complications, restoring spinal stability and improving quality of 
life. Recent advances in imaging modalities, minimally invasive 
surgical techniques, pharmacologic therapy and rehabilitation 
strategies have transformed the approach to vertebral fractures, 
enabling early intervention and personalized treatment planning 
[1]. 

Description 

Vertebral fractures occur across the spinal column, with the 
thoracolumbar junction and lower thoracic vertebrae being 
most susceptible due to biomechanical stress and mobility 
demands. The etiology of vertebral fractures can be broadly 
classified into traumatic, osteoporotic and pathological 
categories. Traumatic fractures result from high-energy forces 
such as motor vehicle accidents or falls and often involve 
healthy bone. Osteoporotic fractures, in contrast, occur with 
minimal trauma due to reduced bone mineral density, impaired 
microarchitecture and age-related degenerative changes. 
Pathological fractures are caused by underlying diseases such as 
metastatic tumors, multiple myeloma, or infections that weaken 
the vertebral structure. Understanding the underlying cause is 
essential for guiding management, predicting complications and 
determining prognosis [2]. 

Diagnosis of vertebral fractures has evolved significantly with the 
development of advanced imaging techniques. Conventional 
radiography remains the first-line tool for initial assessment, 
providing information on vertebral height loss, alignment and 
deformity. However, subtle fractures, particularly in osteoporotic 
patients, may be missed on X-rays. Computed Tomography (CT) 
offers superior visualization of cortical bone and fracture 
morphology, aiding in surgical planning. Magnetic Resonance 
Imaging (MRI) provides critical information on soft tissue 
involvement, bone marrow edema, spinal cord compression and 
nerve root impingement, allowing differentiation between acute 
and chronic fractures. Dual-Energy X-Ray Absorptiometry (DEXA) 
scans are used to assess bone mineral density and identify 
patients at high risk for osteoporotic fractures. Novel imaging 
modalities, such as high-resolution peripheral quantitative CT and 
vertebral fracture assessment software, enhance fracture 
detection, characterization and monitoring over time [2]. 

     Management of vertebral fractures depends on fracture type, 
severity, stability, neurological involvement and patient-specific 
factors such as age, comorbidities and functional status. 
Conservative treatment remains appropriate for stable fractures 
without neurological compromise. This includes pain 
management using analgesics and anti-inflammatory medications, 
bracing to support spinal alignment and activity modification to 
prevent further injury. Physical therapy and rehabilitation play a 
crucial role in restoring mobility, improving core and paraspinal 
strength and enhancing postural control. Early mobilization under 
supervision is associated with reduced risk of complications such 
as muscle atrophy, deep vein thrombosis and pulmonary issues 
[1]. 

        Minimally invasive surgical interventions have revolutionized 
the management of vertebral fractures, particularly in 
osteoporotic and traumatic cases. Vertebroplasty and kyphoplasty 
involve percutaneous injection of bone cement into the fractured 
vertebra to restore structural integrity, alleviate pain and improve 
spinal stability. 
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Kyphoplasty additionally utilizes balloon inflation to correct 
vertebral height loss and restore sagittal alignment. These 
procedures are associated with reduced operative risk, shorter 
recovery times and significant pain relief compared to open 
surgical approaches. Advanced image guidance and navigation 
systems enhance procedural accuracy, minimize cement leakage 
and improve patient safety [2]. Open surgical techniques remain 
necessary for unstable fractures, severe deformities, or 
neurological compromise. Posterior instrumentation with 
pedicle screws and rods, anterior spinal fusion, or combined 
approaches provide stabilization, restore alignment and 
decompress neural structures. Surgical decision-making is 
guided by fracture classification systems, such as the AO Spine 
or Denis classification, which consider fracture morphology, 
stability and neurological involvement. Innovations in surgical 
planning, including three-dimensional imaging, finite element 
modeling and intraoperative navigation, have improved 
outcomes, minimized complications and facilitated personalized 
treatment. 

Conclusion 

Vertebral fractures represent a significant cause of morbidity, 
disability and decreased quality of life, particularly in 
populations with compromised bone integrity. Advances in 
imaging, including high-resolution CT, MRI and vertebral 
fracture assessment, have improved diagnostic accuracy and 
enabled early intervention. Management strategies range from 
conservative approaches, such as bracing, pharmacologic 
therapy and rehabilitation, to minimally invasive procedures like 

vertebroplasty and kyphoplasty and open surgical stabilization 
for severe or unstable fractures. Emerging regenerative 
therapies, biologics and advanced biomaterials hold promise for 
enhancing fracture healing and restoring spinal function. 
Prognosis depends on timely diagnosis, effective treatment and 
comprehensive rehabilitation, with preventive strategies playing 
a key role in reducing fracture risk and recurrence. Integration of 
modern diagnostic tools, innovative management strategies and 
preventive care offers the potential to improve outcomes, 
preserve spinal integrity and enhance quality of life for 
individuals affected by vertebral fractures. 
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