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Abstract: Acute double cervical spine injuries in children are rare but potentially devastating events
that require immediate, specialized management to prevent long-term neurological impairment and
improve recovery outcomes. The cervical spine in children differs significantly from adults in terms of
flexibility, anatomy, and response to trauma. This article reviews the key principles in the early
management of these complex injuries, emphasizing the importance of prompt immobilization,
appropriate diagnostic imaging, neuroprotective strategies, and timely surgical intervention when
necessary. Given the severity of double cervical spine injuries, a multidisciplinary approach is
essential to optimize patient outcomes.
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Introduction: Cervical spine injuries in children, although less common than in adults, can
result in severe and potentially life-altering consequences. The pediatric cervical spine presents unique
challenges due to its anatomical and biomechanical characteristics. The cervical spine in children is
more flexible and has greater elasticity, which provides some degree of protection from injury in low-
impact situations. However, during high-energy trauma events such as motor vehicle accidents, falls,
or sports-related injuries, these very characteristics can lead to complex and multi-level injuries, which
may involve both bony fractures and soft tissue damage. When two or more vertebral levels are
involved, it is classified as a double cervical spine injury, a particularly dangerous and complex
condition. Double cervical spine injuries are rare, but they require immediate attention due to the risk
of significant neurological impairment. The injuries may involve fractures, dislocations, and
ligamentous damage, and they often result in spinal cord compression, which can lead to permanent
neurological deficits if not managed appropriately and quickly. In children, the cervical spine’s greater
flexibility, larger intervertebral disc spaces, and the fact that their bones are less ossified make
traditional diagnostic techniques such as X-rays less reliable, which can complicate both diagnosis and
treatment.

Despite their rarity, the high morbidity and mortality associated with acute double cervical
spine injuries in children make them an important topic of study and clinical focus. These injuries
typically occur due to high-energy forces such as vehicular accidents, falls from significant heights, or
collisions in contact sports, all of which are common causes of trauma in the pediatric population.
Children involved in such accidents may exhibit few immediate symptoms or signs of injury, making
rapid and accurate diagnosis essential to avoid mismanagement. Early and appropriate management of
double cervical spine injuries in children is critical to prevent further spinal cord damage, alleviate
pain, and improve the overall prognosis. Prompt assessment and intervention can significantly reduce
the risk of permanent neurological damage and enhance the chances of recovery. Immediate spinal
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immobilization, advanced imaging to detect fractures and soft tissue injuries, and neuroprotective
measures are all part of the initial management process. In certain cases, surgical intervention is
necessary to stabilize the spine, decompress the spinal cord, and address any instability that may
threaten the child’s life or function. Given the severity of these injuries and the potential long-term
consequences if improperly managed, it is essential for healthcare providers to understand the
specialized needs of pediatric patients. This article will explore the key principles of early
management in these cases, offering a structured approach to diagnosis, stabilization, and treatment. It
will focus on the importance of early identification of the injury, immediate and effective spinal
immobilization, the need for neuroprotective strategies, and the potential for surgical intervention
when necessary. These principles will be discussed within the context of the unique characteristics of
the pediatric cervical spine, as well as current research and clinical practices for managing such
complex injuries.

Literature review

Acute double cervical spine injuries in children, although rare, are associated with high
morbidity and mortality rates. The pediatric cervical spine differs significantly from that of adults,
which poses distinct challenges for diagnosis and management. A thorough review of the literature
highlights key aspects of these injuries, including their pathophysiology, diagnostic methods,
management strategies, and the importance of early intervention.

Anatomical and Physiological Considerations

The unique anatomy of the pediatric cervical spine is a critical factor influencing both injury
patterns and treatment. Children's cervical spines are more flexible and less ossified than those of
adults, which provides some protection from injury but also contributes to more complex injury
patterns when trauma occurs. The larger head-to-body ratio in children, coupled with immature
ligamentous structures, increases the susceptibility of the cervical spine to injury during high-impact
events, such as motor vehicle accidents or falls from significant heights [1]. Additionally, the pediatric
spine’s increased elasticity means that fractures may not be as obvious on imaging, making early
diagnosis more difficult [2].

Mechanisms of Injury and Clinical Presentation

Double cervical spine injuries are typically caused by high-energy trauma. Bess et al. (2014)
found that these injuries often occur during motor vehicle accidents, where the child’s body
experiences rapid deceleration or hyperextension forces. Additionally, falls from significant heights
and sports injuries, especially in contact sports like football, are known to be risk factors for such
injuries. These types of trauma often result in both fractures and dislocations of the cervical vertebrae,
and in some cases, the injury extends into the soft tissues and spinal cord, complicating the clinical
presentation. The clinical presentation of double cervical spine injuries in children may be subtle, with
symptoms that are not immediately indicative of the severity of the injury. Children may exhibit signs
such as neck pain, limited range of motion, or neurological deficits, including weakness, numbness, or
loss of sensation. However, due to the difficulty in communicating symptoms, a high index of
suspicion is necessary when a child presents with a mechanism of injury that could potentially cause
cervical spine trauma [3].
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Diagnostic Imaging

The accurate and timely diagnosis of double cervical spine injuries is critical for proper
management. Traditional radiographs are often insufficient for detecting fractures or soft tissue
injuries in pediatric patients due to their anatomical differences compared to adults. Sinclair et al.
(2019) emphasized that CT imaging should be considered the gold standard for evaluating pediatric
cervical spine injuries, as it provides a detailed assessment of the bone structure, allowing for the
identification of fractures, dislocations, and alignment issues. Moreover, MRI is essential when there
is concern about spinal cord involvement, as it allows for the evaluation of soft tissue damage,
ligamentous injuries, and compression of the spinal cord, which are critical in cases of double cervical
spine injury. MRI, as reported by Bess et al. (2014) and Sinclair et al. (2019), is crucial in detecting
subtle soft tissue injuries and assessing the extent of neurological damage, which could influence the
treatment approach. Early use of CT and MRI can also help guide clinical decisions regarding whether
surgery is required, particularly in cases where there is evidence of spinal cord compression or
instability.

Management Principles

The early management of pediatric double cervical spine injuries focuses on preventing
secondary neurological damage, stabilizing the spine, and addressing any instability or deformities
that could lead to long-term complications. Fletcher et al. (2016) emphasized the importance of early
spinal immobilization in preventing further injury to the spinal cord. A rigid collar and backboard
should be used until imaging confirms the extent of the injury, and more advanced measures, such as
traction or external fixation, may be necessary in severe cases. Neuroprotective strategies are another
cornerstone of early management. Lee et al. (2018) suggested that maintaining adequate oxygenation,
blood pressure, and perfusion to the spinal cord is essential in minimizing the risk of secondary injury.
Hypotension and hypoxia are particularly dangerous in the context of spinal cord injury, as they
exacerbate ischemic damage. Close monitoring of vital signs and rapid intervention to correct any
abnormalities are key to preventing further neurological deterioration.

The role of surgical intervention in pediatric double cervical spine injuries has been well-
documented in the literature. Dobbins et al. (2021) found that early surgery significantly reduces the
risk of long-term neurological deficits, particularly in cases where the injury results in spinal
instability, compression of the spinal cord, or significant deformity. Surgical stabilization is typically
performed through anterior or posterior approaches, depending on the location and severity of the
injury. The goal of surgery is to decompress the spinal cord, stabilize the vertebrae, and restore proper
alignment. In less severe cases, conservative management with bracing and close monitoring may be
appropriate, but surgery is generally indicated in cases of neurological deficits, significant
displacement, or structural instability.

Analysis and Results

Double cervical spine injuries in children are predominantly caused by high-energy
mechanisms such as motor vehicle accidents, falls from heights, and sports-related incidents [1][5].
The mechanisms are critical for understanding the nature of the injury. In particular, motor vehicle
accidents (MVAs) account for a significant proportion of cervical spine trauma, with rapid
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deceleration forces causing both flexion-extension injuries and direct impact fractures [6]. Children
involved in MV As are more susceptible to cervical spine injuries due to their larger head-to-body ratio
and increased ligamentous laxity, which makes their cervical spine more prone to hyperextension and
dislocations during trauma. Similarly, falls from significant heights and trauma during high-contact
sports also contribute to double cervical spine injuries. Notably, Kumar et al. (2017) observed that
cervical spine injuries in children following falls are often complex, with fractures occurring at
multiple cervical levels. The clinical presentation can be subtle, with neck pain or tenderness often
being the first signs noticed by parents or caregivers. However, children may also present with a wide
array of neurological symptoms, ranging from weakness and numbness to more severe deficits like
quadriplegia [3]. These neurological symptoms can be delayed and may evolve over hours or days
following the traumatic event. As Guille et al. (2013) noted, subtle or unclear neurological signs may
be particularly difficult to diagnose, complicating timely treatment.

Challenges in Diagnosis

Diagnostic imaging is pivotal in the evaluation of pediatric cervical spine injuries, and the
effectiveness of early imaging is a critical factor in preventing long-term neurological deficits.
Traditional radiographs, while often employed as an initial screening tool, are limited in their ability to
identify injuries in children due to the flexibility of their spinal structures and the potential for occult
fractures or soft tissue damage. Dobbins et al. (2021) and White et al. (2020) emphasized that
pediatric trauma centers increasingly rely on computed tomography (CT) scans, which provide more
detailed images of the bone structure, helping to detect fractures, dislocations, and subtle injuries that
might otherwise be missed. CT scans are particularly useful in children who have a greater risk of
injury at multiple cervical spine levels, as in the case of double injuries. However, CT imaging has its
limitations, particularly in assessing soft tissue injuries, spinal cord involvement, and ligamentous
damage, which are critical components of double cervical spine injuries. As Fletcher et al. (2016)
highlighted, MRI is indispensable for evaluating the soft tissues, including the spinal cord and
ligaments, and is a crucial adjunct to CT when there is suspicion of spinal cord compression or
ligamentous injury. MRI allows for early identification of cord contusions, hemorrhages, and other
soft tissue damage that could exacerbate neurological impairment if not promptly addressed.

Despite advances in diagnostic techniques, one of the most significant challenges in
diagnosing pediatric cervical spine injuries is the delayed recognition of injury. Sinclair et al. (2019)
and Davidson et al. (2018) noted that children, particularly younger ones, often exhibit vague or non-
specific symptoms immediately following the trauma. In these cases, relying on clinical suspicion and
ensuring a thorough evaluation with imaging becomes essential to avoid missing life-threatening
injuries.

Early Management and Stabilization

Upon diagnosis of a double cervical spine injury, early stabilization is the cornerstone of
management to prevent further neurological compromise. Lee et al. (2018) and Tewari et al. (2021)
agree that immediate spinal immobilization is vital for preventing exacerbation of spinal cord injury.
This includes the use of cervical collars and backboards, as well as careful handling during
transportation to prevent movement that might worsen the injury. Further, Cummings et al. (2018)
emphasized that early neuroprotective strategies, including the maintenance of adequate blood
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pressure and oxygenation, are critical in minimizing secondary injury to the spinal cord. This is
particularly important in double cervical spine injuries, where there is often a higher risk of
developing neurogenic shock or further neurological deficits due to spinal cord injury. Ensuring
optimal systemic perfusion can help maintain spinal cord blood flow and prevent ischemic injury,
which can result in permanent loss of function.

Surgical Intervention and Timing

Surgical intervention is often required in cases of double cervical spine injuries where there is
spinal instability, neurological impairment, or risk of spinal cord compression. Sandhu et al. (2019)
and Smith et al. (2017) highlighted that early surgical intervention can improve neurological
outcomes, particularly in children who present with significant displacement or instability. The
decision for surgery typically hinges on the severity of the injury, the degree of displacement, and the
presence of neurological deficits. Surgical stabilization aims to realign the spine, decompress the
spinal cord, and restore mechanical stability to prevent further injury. In terms of surgical timing,
Patel et al. (2016) found that early intervention, ideally within 24 hours of the injury, is associated
with better outcomes in terms of neurological recovery and functional outcomes. However, in certain
cases, where the child is stable with no neurological deficits, a more conservative approach with
observation and gradual mobilization may be sufficient. The choice of surgical approach (anterior vs.
posterior) is influenced by the type and location of the fractures or dislocations. Liang et al. (2020)
pointed out that posterior approaches are preferred in cases of spinal instability, especially when
multiple levels are involved, whereas anterior approaches are more appropriate for single-level
fractures or disc herniations.

Rehabilitation and Long-Term Outcomes

Long-term outcomes following pediatric double cervical spine injuries depend heavily on the
promptness of intervention and the severity of the neurological injury. Children who experience
significant neurological deficits following their injury may require prolonged rehabilitation, including
physical, occupational, and cognitive therapy, to regain function. Martinez et al. (2021) noted that a
multidisciplinary approach to rehabilitation, including early involvement of rehabilitation specialists,
is key to improving long-term outcomes. Rehabilitation goals focus on maximizing mobility, strength,
and independence, as well as addressing any psychological issues related to the trauma. McMaster et
al. (2019) observed that children who received comprehensive rehabilitation programs showed better
functional recovery, even when residual neurological deficits remained. Furthermore, careful
monitoring of spinal growth is essential for children who have undergone spinal fusion or other
surgical stabilization procedures, as growth abnormalities may result from fusion at multiple cervical
levels.

Challenges and Areas for Further Research

Despite progress in the understanding and management of pediatric double cervical spine
injuries, there remain significant challenges. Wang et al. (2017) highlighted the lack of consensus on
the best management protocols, particularly when determining the timing for surgical intervention or
choosing between conservative and surgical approaches. Additionally, the long-term implications of
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surgical intervention, particularly regarding spinal growth and function, are not fully understood,
underscoring the need for ongoing research to refine management strategies and improve outcomes.

Conclusion

The management of acute double cervical spine injuries in children presents significant
challenges due to the complexity of the injuries, the unique anatomical characteristics of the pediatric
spine, and the need for timely intervention to prevent long-term neurological deficits. Early diagnosis,
appropriate imaging, and swift stabilization are critical in minimizing complications and optimizing
outcomes for affected children. As highlighted in the literature, CT scans play a crucial role in the
early detection of fractures, while MRI is indispensable in evaluating soft tissue injuries, including
spinal cord and ligamentous damage. The prompt use of spinal immobilization and neuroprotective
strategies ensures that further harm to the spinal cord is avoided. Surgical intervention, when
necessary, should be performed within the first 24 hours to ensure the best possible neurological
recovery. Both posterior and anterior surgical approaches have proven effective, depending on the
nature of the injury. While the timing and approach to surgery are still subjects of ongoing research,
early intervention remains a key determinant of favorable outcomes.

The integration of a multidisciplinary rehabilitation team is essential in supporting long-term
recovery, especially in cases where neurological deficits persist. Rehabilitation focuses on physical,
cognitive, and psychological recovery, aiming to restore function and improve the child’s quality of
life. However, further research is required to establish standardized protocols for the management of
pediatric cervical spine injuries and to explore the long-term impacts of various treatment strategies on
spinal growth and overall health.
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