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Abstract




Pediatric cervical spine injuries are rare. However, these injuries are known to be associated with significant mortality. These injuries are significantly different from cervical spine injuries (CSI) in adults, both in terms of injury patterns and clinical presentation. In the current article, the approach to such injuries, diagnostic dilemma encountered and management rationales have been comprehensively discussed.
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Introduction




Pediatric cervical spine injuries (CSIs) are rare [1]. Nevertheless, their significance cannot be understated, considering the peculiarities of injury patterns, clinical presentation, diagnostic dilemma and management of these injuries, in comparison to the adult counterparts [2]. They also contribute to a significant proportion of morbidity and mortality in the pediatric patients [1]. The approach to these injuries is significantly different from adult cervical spinal injuries [3].



Patterns of CSI


CSIs are the most common level for pediatric spinal injuries [4]. Dislocations and ligament ruptures are the mode of injury in 44% of patients [5]. Majority of the injuries in children occur at levels between occiput and C4 vertebra [1]. Factors including large size of head, highly flexible cervical spine, poorly developed musculature, ligamentous laxity and immature bony vertebrae predispose pediatric cervical spine to injuries [1,6,7]. When a child is suspected to have cervical spine injury (based on the mode of injury, symptoms, conditions predisposing to spinal injury like rheumatoid disorders and associated high risk injuries), radiological evaluation involving 3-view radiographs (AP, lateral and open-mouth AP cervical views) need to be performed [7].


The two major clinical criteria NEXUS (National Emergency X-Ray Utilization Study) and CCR (Canadian Cervical Spine Rule), which are extremely useful in adults, are not proven to be sufficient to rule out pediatric CSI [8]. The normal radiological variants on plain X-rays in pediatric spine (hypolordosis, C2-3 pseudosubluxation, non-ossified vertebral bone) need to be borne in mind [9,10]. Computerised Tomography (CT) scan needs to be performed only in a child with any evidence of bony injury on plain X-ray or when plain radiograph is normal in a child with high suspicion for CSI [11]. MRI scan is performed whenever abnormal neurological findings are elicited, especially when other imaging studies are inconclusive [12]. Spinal Cord Injury without Radiographic Abnormality (SCIWORA) is defined in children as a situation when neurological deficit is evident in the absence of obvious abnormality on plain radiographs or CT scan. However, in most cases of SCIWORA, injuries to spinal cord or ligaments may be demonstrable [13].


Specific Injury patterns in children and their management


a.	Occipitoatlantal and atlantoaxial Instability (OAAI): Occipitoatlantoaxial complex injuries can result from distraction injuries, leading to significant instability [14]. Complete neurological deficit can cause immediate death. Traction and cervical collar need to be avoided as they can lead to over-distraction [15]. Definitive treatment of these injuries is surgical fusion [14].


b.	Atlantoaxial Rotatory Fixation (AARF): These injuries have been described to arise out of pathological sickness of C1-2 joint and the patients typically present with a fixed torticollis [16]. They are radiologically classified on the basis of progressive severity: degrees of disruption of transverse atlantal and alar ligaments [17]. Delayed presentations usually lead to chronic adherence and usually requires multi-staged management including halo traction, halo-vest application with or without surgical fusion [16,17].


c.	Odontoid fractures: These are avulsions of synchondrosis between dens and C2 body, which are typically seen in children less than 7 years. Being epiphyseal injuries, these fractures usually heal adequately on halo-immobilization, although surgical fusion may be considered in delayed presentation [18].


d.	Sub-axial ligamentous injury: These are rare injuries in young patients (<8 years). Although Short T1-weighted Inversion Recovery (STIR) sequences delineate the soft tissue injuries best, instability is best described on radiographs. Ware et al. [19] suggested that kyphotic deformity as little as 7.5° can indicate instability in pediatric spine. Soft tissue injuries without radiographic abnormalities can be treated with soft collar. If pain limits proper dynamic Xrays, hard cervical collar can be applied followed by re-evaluation with dynamic films after 2 weeks. Patients with evidence of more substantial soft tissue injuries require careful evaluation and MRI scan. Hard cervical immobilization needs to be employed for non-operative management in such cases with meticulous, radiologic follow-up [20].


Any neuro-deficit mandates surgical fusion. Unilateral and bilateral facet dislocations are relatively common in children. In cases with bilateral dislocation and complete neurodeficit, emergent manual reduction, followed by MRI scan (for evaluation of disc herniation or epidural hematoma) is performed. In patients with incomplete or no motor deficits, MRI scan is initially performed. If no epidural hematoma or disc herniation is evident, closed manual or weighted reduction is performed. This is followed by anterior with or without posterior cervical fusion [19,20].


e.	Cervical cord neuropraxia: This is a mild form of SCIWORA occurring in athletes performing contact sports and is commonly called a stinger or spinal cord concussion [21]. In children, such transient injuries can happen even without any pre-existing cervical stenosis owing to the hypermobile cervical spine. A majority of patients recover well with conservative measures involving spinal immobilization with hard cervical collar [22].
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