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Introduction: In the pediatric population, fractures of the radial neck account for approximately 1% of all fractures and can have substantial consequences. Given the growing popularity of horse riding and the high-energy traumas that this can entail, we sought to assess prognosis for radial neck fracture sustained in horse riding.

Hypothesis: Radial neck fracture sustained in horse riding is more severe and more frequently associated with other ipsilateral osteoarticular lesions which worsen prognosis.

Material and method:

We performed a multicenter retrospective comparative study in a continuous series of 39 patients. The inclusion criteria consisted of radius neck fracture in children under the age of 15 years. Endpoints comprised associated lesions at time of trauma, and ranges of elbow motion in pronation/supination and flexion/extension at last follow-up.

Results: Compared to other etiologies, radial neck fractures following horse-riding accidents were more frequently associated with other ipsilateral osteoarticular lesions (p = 0.0002), and more often required open reduction (p = 0.0409) and postoperative rehabilitation (p = 0.041).

However, there were no significant differences in any ranges of motion at last follow-up (p > 0.05).

Conclusion

: Radial neck fractures following horse-riding accidents in children were more severe than those caused by other mechanisms. Awareness campaigns in riding clubs and development of specific protective equipment should be considered to reduce occurrence. Level of evidence: Therapeutic III -Retrospective comparative study.

INTRODUCTION

In the pediatric population, radial neck fracture accounts for some 5% of fractures in the elbow region and 1% of fractures overall [START_REF] Tibone | Fractures of the radial head and neck in children[END_REF][START_REF] Steinberg | Radial head and neck fractures in children[END_REF]. Consequences can be dramatic, with malunion, non-union or aseptic necrosis of the radial head. Some authors report up to 20% rates of poor functional results, especially when open reduction is required, with pain and stiffness, especially in pronation-supination [START_REF] Falciglia | Radial neck fractures in children: Results when open reduction is indicated[END_REF].

Within this pediatric population, horse-riding is increasingly popular. With more and more ever-younger children joining clubs each year, accidents are frequent, with sometimes severe lesions [START_REF] Theodore | Paediatric horse-related trauma[END_REF][START_REF] Laurent | Epidemiology of equestrian injuries in children[END_REF][START_REF] Kiss | Analysis of horserelated injuries in children[END_REF][START_REF] Jagodzinski | Horse-related injuries in children: a review[END_REF][START_REF] Lang | The epidemiology of horserelated injuries for different horse exposures, activities, and age groups in Queensland, Australia[END_REF][START_REF] Sherry | Horse Related Injuries[END_REF][START_REF] Williams | Horse Related Injuries[END_REF]. The kinetic energy of a high fall from the withers of a horse or pony combined with that of the animal in motion makes for high-energy trauma, mainly sustained by the upper limbs (in 10-50% of injuries), craniofacial region or lower limbs; abdominal and spinal lesions are rarer, at around 1% [START_REF] Theodore | Paediatric horse-related trauma[END_REF][START_REF] Laurent | Epidemiology of equestrian injuries in children[END_REF][START_REF] Kiss | Analysis of horserelated injuries in children[END_REF][START_REF] Jagodzinski | Horse-related injuries in children: a review[END_REF][START_REF] Lang | The epidemiology of horserelated injuries for different horse exposures, activities, and age groups in Queensland, Australia[END_REF][START_REF] Craven | Paediatric and adolescent horse-related injuries: does the mechanism of injury justify a trauma response?[END_REF][START_REF] Smartt | A new look at horse-related sport and recreational injury in New Zealand[END_REF][START_REF] Holland | Horse-related injuries in children[END_REF][START_REF] Ghosh | Horse-related injuries in pediatric patients[END_REF].

Given this increasing popularity among children and, to the best of our knowledge, a lack of data for radial neck fracture in the horse-riding context, we sought to assess the diagnostic, therapeutic and prognostic specificities.

The present study thus aimed to compare pediatric radial neck fractures related versus unrelated to horse-riding. The study hypothesis was that horse-related fractures are more severe and more often associated with other ipsilateral upper-limb osteoarticular lesions, worsening prognosis.

MATERIAL AND METHODS

Population. This multicenter retrospective comparative study was performed in a continuous series, inclusion criteria being radial neck fracture in under-15 year-olds between January 2006 and December 2017. Patients with <12 months' follow-up were excluded. Surgical technique. Isolated radial neck fractures were managed non-operatively if initial displacement was ≤20° or reduction by external maneuver was stable. Otherwise, retrograde stable elastic intramedullary nailing was performed (Figure1) [START_REF] Métaizeau | Reduction and osteosynthesis of radial neck fractures in children by centromedullary pinning[END_REF]. We sought to avoid any surgical approach to the fracture, whatever the displacement, but to achieve percutaneous reduction. Under fluoroscopic control, the radial head was pushed by a square awl, spatula or Halstead forceps, maintaining varus so as to open the lateral compartment. When closed reduction failed with >15-20° residual tilt or in case of associated lesions, open reduction was performed.

In case of associated lesions, the radial neck fracture was always managed surgically, the technique depending on the requirements for the other lesions.

Postoperative care. After surgery, patients were immobilized by long-arm brace or cast for 4-6 weeks. Then, self-rehabilitation by everyday activity was the first-line attitude, with physiotherapy only in case of <90° pronation-supination after 3-6 months' selfrehabilitation.

In case of internal fixation, hardware was removed at 6-12 weeks.

Clinical and radiological assessment. Assessment complied with the 1964

Declaration of Helsinki and MR-003 reference methodology of the French CNIL data protection commission, and the study was registered in the CNIL database (n° 2216205 v 0).

All patients and legal representative were informed ahead of data collection and analysis.

Patients were followed in consultation with clinical and radiological work-up at 6 weeks, 3 months, 6 months and 1 year post-trauma. In case of incomplete recovery by 1 year, follow-up continued until consolidation was achieved.

The main endpoints were associated lesions at time of trauma, and range of pronation-supination at last follow-up. Other data comprised demographics (including age at trauma, gender), history (including lesion mechanism), treatment (operative/non-operative; percutaneous/open), and follow-up (complications, observed immobilization time, rehabilitation, time to return to sport, and time to consolidation). Clinical data at last followup comprised Mayo Elbow Performance Score (MEPS: pain, motion, stability and function) [START_REF] Morrey | Functional evaluation of the elbow[END_REF] and ranges of flexion/extension and pronation-supination; radiological data consisted in Storen construction [START_REF] Storen | Traumatic dislocation of the radial head as an isolated lesion in children; report of one case with special regard to roentgen diagnosis[END_REF]. were reported as mean±standard deviation. The significance threshold was set at p < 0.05.

RESULTS

Thirty-nine patients met the inclusion criteria; none were excluded. Eighteen of the 39 fractures involved a fall from a horse (group 1) while 21 involved other circumstances (group 2): body-height fall (n=15), <2 m fall from bed or climbing (n=3 and n=2, respectively), fall from rollerboard scooter (n=1). One group-1 patient had wrist fracture.

Pre-and intra-operative data. As seen in Table 1, there were significantly more lesions in group 1 than group 2 (p = 0.0002). Fifteen of the 18 group-1 patients had an associated lesion: posterior elbow dislocation (n=5), anterior elbow dislocation (n=1), olecranon fracture (n=3), severe medial sprain (n=4), medial condyle fracture (n=1), coronoid fracture (n=1). Only 6 of the 21 group-2 patients had an associated lesion: posterior elbow dislocation (n=1), anterior elbow dislocation (n=1), olecranon fracture (n=4). Horse-related fractures were mainly Judet grade III (30-60° tilt) (Table 1) [START_REF] Degnan | Proximal radius fractures in children: evaluation of associated elbow fractures[END_REF][START_REF] Nicholson | Proximal Radius Fractures in Children[END_REF].

Open surgery was significantly more frequent in group 1 than group 2 (p = 0.0409);

Other pre-and intra-operative data are shown in Table 1.

Postoperative data. At a mean 2.25 years' follow-up, pronation and supination did not significantly differ between groups (Table 2). Three group-1 patients showed ≤0° pronation at last follow-up, compared to none in group 2, but the difference was not significant (p = 0.0515). Likewise, pronation was 10° less on average in group 1, but again the difference was not significant (p = 0.61). There were no significant differences in the other sectors of motion or in MEPS score, but significantly more patients underwent rehabilitation with a physiotherapist in group 1 (p = 0.04).

Comparison according to associated lesions. Nine associated lesions were treated surgically on a specific approach: radial head fixation, pinning for medial or lateral epicondylar or olecranal fracture, coronoid fixation, lateral ligament suture. Table 3 shows associated lesions. There were 5 complications in group 1: 3 cases of radial head necrosis (Figure 2), only 1 of which was treated surgically, 1 radial neck non-union and 1 radial neck epiphysiodesis. In group 2 there was only 1 complication (p = 0.0470): early secondary displacement due to fixation defect.

DISCUSSION

The present study showed that radial neck fractures in riding accidents in children were more frequently associated with other osteoarticular lesions than those cause by other, lower-energy traumas. However, there were no significant differences in range of motion at last follow-up. This supports the study hypothesis that, even in children, horse-related trauma is more high-energy than other mechanisms of radial neck fracture.

Open surgery was significantly more frequent in group 1, likely due to associated lesions and greater displacement. The literature reports better functional results after percutaneous than open surgery [START_REF] Basmajian | Radial neck fractures in children: experience from two level-1 trauma centers[END_REF]. Schmittenbecher et al. reported greater pronationsupination loss following open surgery [START_REF] Schmittenbecher | Treatment decision, method of osteosynthesis, and outcome in radial neck fractures in children: a multicenter study[END_REF]. Horse-related radial neck fractures are caused by high-energy trauma, with greater risk of associated lesions. Range of motion did not differ between the present groups, but that may have been due to lack of power: the literature suggests that the higher rate of open surgery would be of poor functional prognosis. There were also significantly more complications in group 1, with impact on immediate postoperative quality of life. Consolidation time was also significantly longer after a riding accident, and liable to impact school and sports activities. Group 1 also required more rehabilitation, increasing overall management costs.

Mandatory protective equipment such as riding helmets have reduced the severity of head injuries [START_REF] Lemoine | A Retrospective Cohort Study of Traumatic Brain Injury and Usage of Protective Headgear During Equestrian Activities[END_REF][START_REF] Short | Helmet under-utilization by children during equestrian events is associated with increased traumatic brain injury[END_REF], and the advisability of making protective jackets mandatory to prevent spine injury is under study [START_REF] Hessler | Effectiveness of safety vests in pediatric horseback riding[END_REF]. The present results argue for designing and developing specific airbag-type forearm protection to limit the severity of elbow-region lesions in children riding horses [START_REF] Moss | A changing pattern of injuries to horse riders[END_REF].

Study limitations. The number of patients was small compared to the long inclusion period (39 children in 10 years). However, radial neck fractures account for only 1% of all pediatric fractures and those implicating horse-riding are rare; even so, we were able to collate 18 cases, with an equivalent control group. Fall height was difficult to estimate retrospectively, often not being specified in the files. We were able to show that horse-related fractures were significantly more often associated with other osteoarticular lesions, but not that outcome for range of motion was poorer. 

TABLES

  Statistical analysis. Statistical analysis used StatView software (SAS Institute, Inc, Cary, NC, USA, copyright 1992-1998). Qualitative variables were analyzed on chi² test and quantitative variables on non-parametric Kruskal-Wallis and Mann-Whitney test. Results

Figure 1 .

 1 Figure 1. Right elbow radiographs, 8 year-old boy. Body-height fall causing displaced radial

Figure 2 .

 2 Figure 2. Right elbow radiographs, 12 year-old boy. Horse accident causing isolated

  

  

Table 1 :

 1 Preoperative and surgical data.

		Horse-related (n=18) Other cause (n=21)	p
	Age (years)	9.17 ±2.45	9.29 ±2.84	0.7247
	Gender (F/M)	17/1	6/15	<0.0001
	Dominant side (n)	5	15	0.0066
	Judet grade	I (2) / II (6)/III (10)	I (2) / II (12) / III (7) -
	Associated lesions	16	6	0.0002
	(n)			
	Open surgery (n)	9	4	0.0409
	Immobilization	5.89 ±0.47	5.14 ±1.49	0.1999
	(weeks)			
	(Other causes: swing, scooter, body-height or high fall, judo, climbing, bunk bed, direct
	shock)			

Table 2 :

 2 Postoperative data.

		Horse-related (n=18) Other cause (n=21)	p
	Complications (n)	5	1	0.0470
	Rehabilitation (n)	5	1	0.0410
	Hardware removal	10.14 ±8.93	11.88 ±9.15	0.6480
	(weeks)			
	Consolidation	2.78 ±1.26	1.8 ±1.04	0.0092
	(years)			
	Return to sport (n)	17	21	0.2738
	Normal Storen	16	21	0.1168
	construction (n)			
	Flexion (°)	136.1 ±11.19	140.9 ±13.75	0.0519
	Retraction in flexion	3.33 ±10.29	3.09 ±9.15	0.888
	(°)			
	Pronation (°)	60 ±32.54	70.2 ±18.87	0.6121
	Supination (°)	71.1 ±29.08	75.5 ±25.29	0.6624
	Total pronation loss	3	0	0.0515
	(n)			
	MEPS total /100	96.67 ±8.57	99.29 ±2.39	0.4725
	MEPS pain /45	41.2 ±3.55	45 ±0	0.7674
	MEPS motion /20	19.4 ±1.62	19.8 ±1.09	0.7353
	MEPS stability /10	10 ±0	10 ±0	>0.9999
	MEPS activities of	23.1 ±4.25	24.5 ±1.5	0.4639
	daily living /25			

CONCLUSION. Radial neck fractures implicating horse riding in children were more severe than those with other causes. Awareness needs raising in riding clubs, and specific protective equipment should be developed to reduce incidence and severity.
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