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Introduction

Spinal cord injury is a rare childhood pathology, with prevalence of 5.6/million/year in European countries [START_REF] Canosa-Hermida | Epidemiology of traumatic spinal cord injury in childhood and adolescence in Galicia, Spain: report of the last 26-years[END_REF]. In 1982, Pang and Wilberger [START_REF] Pang | Spinal cord injury without radiographic abnormalities in children[END_REF] described a specific form without bone or ligament lesion detectable on X-ray: Spinal Cord Injury Without Radiological Abnormality (SCIWORA). Mechanisms and pathophysiology are not clearly elucidated. It seems most frequent in pediatrics, due to spinal biomechanical specificities, children showing a great deformation capacity due to their disc and ligament elasticity and anatomic features, especially before 7 years of age: large head/trunk ratio, horizontal joint facets, lack of uncus, and anterior vertebral wall immaturity. While the spine is supple and deformable, the cord is already fixed by nerve roots and meningeal sheaths [START_REF] Dimeglio | Growth of the spine before age 5 years[END_REF], and there is thus a risk of damage to neural tissue that, unlike the immature spine, cannot stretch, notably at cervical level [START_REF] Pang | Spinal cord injury without radiographic abnormality in children, 2 decades later[END_REF] ("differential stretch theory"). Other biomechanical studies implicated individual morphology: mainly the more horizontal direction of joint facets, inducing hypermobility in certain subjects [START_REF] Imajo | Use of the finite element method to study the mechanism of spinal cord injury without radiological abnormality in the cervical spine[END_REF]. SCIWORA is responsible for 32% of spinal cord injuries in under-8 yearolds [START_REF] Rekate | Pediatric spine and spinal cord trauma State of the art for the Third Millennium[END_REF], and is thus the main entity involved in this type of clinical presentation. Despite very similar pathophysiologies, Pang differentiated obstetric trauma as a specific entity [START_REF] Pang | Spinal cord injury without radiographic abnormalities in children[END_REF]. And finally, associated brain lesions can hinder diagnosis of spinal cord involvement, which is generally made retrospectively. Since the early descriptions, increasing use of MRI in the work-up has improved diagnostic precision, sometimes detected isolated spinal cord injuries (contusion or attrition), or spinal cord injuries associated with discal/ligamentous lesions, with risk of instability. Studies suggest that spinal cord injuries on initial MRI are a crucial prognostic factor for neurologic outcome [START_REF] Mahajan | Spinal cord injury without radiologic abnormality in children imaged with magnetic resonance imaging[END_REF][START_REF] Boese | Spinal cord injury without radiologic abnormality in children: a systematic review and meta-analysis[END_REF].

To the best of our knowledge, few series have been reported in Europe. Moreover, treatment strategy is not consensual, and rarely reported. We therefore report findings from a multicenter retrospective study of pure spinal cord injury (without radiologic bone abnormality) in 37 children managed between 1988 and 2017.

The objective was to address the following questions: 

Patients and Method

Patients

A multicenter retrospective series was assembled from 3 university hospital pediatric reference centers, comprising 37 patients under 18 years of age at trauma, between January 1988 and June 2017. Spinal cord injury was diagnosed by pediatric spine pathology experts (senior orthopedic or neurologic surgeons) after radiologic work-up comprising at least spinal CT scan. The main inclusion criterion was spinal cord neurologic deficit without bone abnormality or local instability that might account for the symptomatology. Three groups were constituted: SCIWORA (30 cases), traumatic myelopathy associated to severe cranial trauma (2 cases) and obstetric trauma (5 cases). Radiology data were interpreted by a senior radiologist and the patient's physician. Inclusion criteria were checked on files by the principal investigator.

Assessment

Data comprised: type of accident, level and severity of initial neurologic disorder on the Frankel classification [START_REF] Frankel | The value of postural reduction in the initial management of closed injuries of the spine with paraplegia and tetraplegia[END_REF], and associated lesions. Spinal fracture was not an exclusion criterion so long as it was distant, ≥5 metameres below the neurologic lesion. In case of vigilance disorder with initial coma, the spinal cord injury was diagnosed either at the outset of treatment before intubation and neurosedation, or retrospectively in the light of deficit on awakening. In the latter case, initial neurologic assessment was made a few days after the end of sedation. Type of treatment and neurologic status at last follow-up were also recorded.

Lesions visible on initial MRI were recorded, but these data were missing in 8 cases (5 SCIWORA, 3 obstetric traumas), either because the examination had not been performed or because the results were not available.

Statistics

For descriptive analysis, mean age with standard deviation was calculated. Qualitative variables were reported as number and percentage. The main endpoint was neurologic improvement of ≥1 Frankel grade at last follow-up. The following variables were assessed: gender, age, initial Frankel grade, accident type and lesion on initial MRI. Chi² or Fisher exact test was used for qualitative variables and Mann-Whitney U test for quantitative and ordinal variables. Analyses were performed by an independent statistician.

Results

Etiology and clinical presentation

Table 1 shows clinical data. In SCIWORA, the main etiologies were road accidents (15/30; 50%) or sports accidents (11/30; 36.6%): rugby (n=6), soccer (n=1), horse-riding (n=1), judo (n=1), climbing (n=1), gymnastics (n=1). Figures 1A and1B show the distribution of initial Frankel grades and etiologies according to age for the 30 SCIWORA cases. In 2 patients, symptoms completely resolved within hours of diagnosis, while a 15 year-old girl with no initial neurologic disorder (Frankel E) developed tetraparesis within hours of admission.

Fifteen patients had visible lesions on MRI, detailed in Table 2A; Table 2B presents patients with strictly normal MRI.

Neurologic prognosis

Table 3 shows Frankel grades at last follow-up. There were 20 cases of ≥1 grade improvement, all in the SCIWORA group, with no improvement in the other two groups.

Four patients (10.8%) died, either from complications associated with their neurologic deficit or from associated lesions. One patient, a newborn girl with Frankel grade A tetraplegia following obstetric trauma, was lost to follow-up. There were no cases of neurologic aggravation. In SCIWORA, neurologic improvement was independent of gender (p=1) and metameric level (p=0.221), but correlated with age, patients showing improvement having significantly greater median age (13.18 vs. 5.12 years; p = 0.0007). Prognosis was also better in falls or sports accidents than road accidents (RR=3; p=0.0002 for both). Lesions on MRI were significantly associated with poorer neurologic recovery (RR=0.47; p=0.0098).

Treatment

Treatment was variable: a large majority of SCIWORA cases (25/30) and both cranial trauma cases were managed by 1-4 months' spinal orthosis. Parenteral corticosteroids were initially administered to 25 SCIWORA patients, without inducing improvement (p = 0.21). One obstetric trauma case underwent surgery for suspected cervical diastematomyelia, not confirmed intraoperatively.

Discussion

The present study described a large multicenter series of pure spinal cord injury in children. This is a rare pathology, with few series reported from western Europe.

A meta-analysis by Boese et al. [START_REF] Boese | Spinal cord injury without radiologic abnormality in children: a systematic review and meta-analysis[END_REF], collating 114 published cases, identified the main causes of SCIWORA with a distribution close to the present findings: 37% road accidents, 31% sports accidents, 18% falls and 16% other. Sport-related cases have been increasing for some years [START_REF] Piatt | Epidemiology of spinal injury in childhood and adolescence in the United States: 1997-2012[END_REF][START_REF] Nadarajah | What are the trends and demographics in sports-related pediatric spinal cord injuries?[END_REF]. In the present study, the main implicated sport was rugby, perhaps due to cultural factors and the relative widespreadnness of this sport in France. Specific analysis of SCIWORA showed a predominance of cervical lesions, in agreement with the classical description by Pang et al. [START_REF] Pang | Spinal cord injury without radiographic abnormalities in children[END_REF][START_REF] Pang | Spinal cord injury without radiographic abnormality in children, 2 decades later[END_REF]. Initial neurologic severity in SCIWORA was variable, similarly to the report by Boese et al. [START_REF] Boese | Spinal cord injury without radiologic abnormality in children: a systematic review and meta-analysis[END_REF], with ASIA (American Spinal Injury Association) grades A (28%), B (17%), C (31%) and D (25%). Obstetric trauma is consistently associated with greater severity [START_REF] Vialle | Birth-related spinal cord injuries: a multicentric review of nine cases[END_REF], as in the present series, where Frankel grade was A in all cases at diagnosis.

Progression

Mortality in the SCIWORA group was 6.7%, slightly higher than reported elsewhere: Knox et al. [START_REF] Knox | Epidemiology of spinal cord injury without radiographic abnormality in children: a nationwide perspective[END_REF] found 2%, but for in-hospital mortality, while 2 of the present patients died more than a month after discharge; Boese et al. [START_REF] Boese | Spinal cord injury without radiologic abnormality in children: a systematic review and meta-analysis[END_REF] found 3%, but focusing on those patients who had had MRI, which may lead to underestimation, as some severe cases may have died before being able to undergo MRI, especially in case of associated lesions. Neurologic improvement was found in 66.7% of the present series, more than the 48% in the meta-analysis by Launay et al. [START_REF] Launay | Pediatric spinal cord injury without radiographic abnormality: a meta-analysis[END_REF]. As in other reports, age was an important prognostic factor [START_REF] Pang | Spinal cord injury without radiographic abnormality in children, 2 decades later[END_REF]: SCIWORA in younger children mainly involved road accidents or falls (i.e., high energy); and very young children more often presented high cervical spinal cord injury (sub-occipital spine), as spinal maturation by around 8 years of age is protective thereafter [START_REF] Pang | Spinal cord injury without radiographic abnormality in children, 2 decades later[END_REF].

MRI shed light on these pure spinal cord injuries, sometimes detecting ligament lesions and/or intramedullary lesions, which seem to be of poor prognosis [START_REF] Pang | Spinal cord injury without radiographic abnormality in children, 2 decades later[END_REF][START_REF] Mahajan | Spinal cord injury without radiologic abnormality in children imaged with magnetic resonance imaging[END_REF][START_REF] Boese | Spinal cord injury without radiologic abnormality in children: a systematic review and meta-analysis[END_REF][START_REF] Liao | Spinal cord injury without radiological abnormality in preschool-aged children: correlation of magnetic resonance imaging findings with neurological outcomes[END_REF]. MRI is now almost systematic, and its prognostic input differentiates a new entity: Spinal Cord Injury Without Neuroimaging Abnormality (SCIWONA) -i.e., with strictly normal MRI [START_REF] Mahajan | Spinal cord injury without radiologic abnormality in children imaged with magnetic resonance imaging[END_REF].

Mortality is high in case of associated cranial trauma, with a 50% sequela rate [START_REF] Pang | Spinal cord injury without radiographic abnormality in children, 2 decades later[END_REF], and prognosis is likewise poor in obstetric trauma.

Management in France

The most frequent treatment for SCIWORA is orthotic, based on the concept of "occult instability" introduced by Pang and Wilberger in 2004 [START_REF] Pang | Spinal cord injury without radiographic abnormality in children, 2 decades later[END_REF]. This would account for the occasional cases of aggravation or recurrence [START_REF] Pang | Spinal cord injury without radiographic abnormality in children, 2 decades later[END_REF][START_REF] Buldini | Spinal cord injury without radiographic abnormalities[END_REF]. Current guidelines advocate rigid immobilization for 12 weeks [START_REF] Rozzelle | Spinal cord injury without radiographic abnormality (SCIWORA)[END_REF], the type of brace being at the surgeon's discretion. These guidelines, however, do not take account of MRI, and their authors admit that the benefit of rigid immobilization is unproven in case of strictly normal MRI. Many patients received corticosteroids in the acute phase, without significant improvement; it is no longer systematic, as efficacy is unproven and there is a risk of specific complications [START_REF] Evaniew | Methylprednisolone for the treatment of patients with acute spinal cord injuries: A systematic review and meta-analysis[END_REF]. In case of full recovery, sports activities cannot be resumed before 6 months [START_REF] Rozzelle | Spinal cord injury without radiographic abnormality (SCIWORA)[END_REF].

Study limitations

Limitations concern firstly the retrospective design. Absence of MRI data in 8 cases was partly due to clinical status precluding implementation. And finally, it is possible that management varied over the study period of 1988-2017.

Conclusion

The present multicenter study shed light on childhood spinal cord injury. Prognosis is affected by age, accident type and MRI lesions in SCIWORA. Associated cranial trauma and obstetric trauma are of poor prognosis in terms of mortality and of neurologic recovery. 
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Table 2B :

 2B Progression of SCIWORA with normal MRI (n=8)

	Legends			
		Patient	Initial Frankel Final Frankel Progression
	Figure 1	SCIWORA	E	E	Full recovery
	(A) Frankel grades according to age	
		SCIWORA	B	E	Full recovery
	(B) SCIWORA mechanism according to age	
	SCIWORA (RTA: road traffic accident) A SCIWORA A	E E	Full recovery Full recovery
		SCIWORA	C	E	Full recovery
		SCIWORA	C	E	Full recovery
		SCIWORA	C	E	Full recovery
		SCIWORA	C	E	Full recovery
		SCIWORA	C	E	Full recovery
			SCIWORA (n=30)	Associated severe	Obstetric trauma
					cranial trauma (n=2)	(n=5)
	Mean follow-up (days)		299±650	7±7	1,243±2,210)
	Frankel at last follow-up	A=9; B=3; C=2; D=1;	A=1; B=1	A=3; Death=2
				E=15	
	Neurologic improvement (%)	None	20/30 (66.7)	0/2 (0)	0/5 (20; 1 lost to FU)
	Death (%)			2/30 (6.7)	1/2 (50)	1/5 (20; lost to FU)
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Table 3 :

 3 Clinical progression at last follow-up