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Shoulder functional status in rugby union players with and without history of shoulder problems

Objectives: To assess the effects of (1) rugby union practice, (2) history of injury managed nonoperatively, and (3) history of injury managed operatively on shoulder functional status in male rugby union players.

Design: Cross sectional study Setting: Clinical Participants: 86 male athletes were assigned into four groups: multisport athletes, rugby union players without shoulder problems, with history of shoulder injury managed nonoperatively and with history of shoulder injury managed operatively.

Main outcome measures: SI-RSI questionnaire, maximal isometric glenohumeral internal and external rotator strength, unilateral seated shot put test, upper quarter Y balance test.

Results: Healthy players presented higher internal (p=0.03) and external (p=0.04) rotator strength than multisport athletes. History of shoulder injury managed nonoperatively did not impair physical abilities but limited player's psychological readiness (p<0.001). After 4.5-months, shoulder stabilization surgery impaired maximal muscle strength and upper quarter body stability and mobility (p<0.001 for all).

Conclusions: The shoulder functional status in rugby union player presented increased glenohumeral rotator strength when compared to non-collision sport athletes. In rugby union players, psychological concerns remained in the long-term after a shoulder injury managed nonoperatively, and psychological and physical readiness seemed not be reached at 4.5 months postoperatively to respond to rugby union practice demand.

INTRODUCTION

Rugby union playing demands shoulder-region specific adaptations [START_REF] Edouard | Influence of Rugby Practice on Shoulder Internal and External Rotators Strength[END_REF] in order to resist to constraints applied during the rugby union specific tasks, such as tackle, ruck, or scrum. Such tasks become injurious when both the upper arm is placed in hazardous position and the shoulder is subject to a compressive or posteroinferior force [START_REF] Montgomery | Video analysis of shoulder dislocations in rugby: Insights into the dislocating mechanisms[END_REF]. Such mechanisms may conduct to shoulder traumatic injuries [START_REF] Montgomery | Video analysis of shoulder dislocations in rugby: Insights into the dislocating mechanisms[END_REF]. Both the non-operative and operative managements are used to restore rugby union player's shoulder integrity [START_REF] Bohu | The epidemiology of 1345 shoulder dislocations and subluxations in French rugby union players: a five-season prospective study from 2008 to 2013[END_REF].

The effects of such managements however remain to be explored in order to bring new knowledge to healthcare and conditioning specialists in relation with shoulder injury rehabilitation.

Regardless of the level of rugby union practice, the most common shoulder injuries are acromioclavicular and glenohumeral subluxations/dislocations [START_REF] Bohu | The epidemiology of 1345 shoulder dislocations and subluxations in French rugby union players: a five-season prospective study from 2008 to 2013[END_REF]Singh, Trewartha, Roberts, England & Stokes, 2016), which account for the most play-time loss [START_REF] Headey | The epidemiology of shoulder injuries in English professional rugby union[END_REF]. Because the acromioclavicular joint injuries occurring during contact sports are mainly of type I and II [START_REF] Funk | Sports injuries of the shoulder[END_REF], nonoperative treatment is first prescribed.

The return-to-sport decision-making is mainly based on the player's perception on shoulder comfort and ability to perform sport-specific tasks, and the return-to-sport occurs between two and eight weeks according to injury severity [START_REF] Dragoo | Acromioclavicular joint injuries in National Collegiate Athletic Association Football: Data from the 2004-2005 through 2008-2009 National Collegiate Athletic Association injury surveillance system[END_REF]. The relevance of operative treatment is considered when the athlete is not coping or progressing with rehabilitation [START_REF] Funk | Sports injuries of the shoulder[END_REF], or for acromioclavicular joint injuries from type III [START_REF] Funk | Sports injuries of the shoulder[END_REF]. Little is however known on the effects of such history of injuries on shoulder functional status. For glenohumeral anterior instability, rugby union player can choose the nature of the treatment, which depends on the time of season and specific sporting requirements [START_REF] Funk | Sports injuries of the shoulder[END_REF]. The nonoperative treatment results in many recurrences [START_REF] Funk | Sports injuries of the shoulder[END_REF], and shoulder stabilization surgery is considered in primary care, especially when players are young [START_REF] Boone | First-time anterior shoulder dislocations: has the standard changed[END_REF]. In contact sports, the shoulder stabilization surgery is increasingly based on the Latarjet procedure [START_REF] Funk | Sports injuries of the shoulder[END_REF], which consists of the coracoid process transfer to the antero-inferior part of the glenoid. The coracoid graft healing is commonly achieved at 3 months postoperatively (Young et al., 2010), allowing theoretically return to sport. However, in practice, some professional rugby union players can return to sport at this time [START_REF] Neyton | Surgical treatment of anterior instability in rugby union players: clinical and radiographic results of the Latarjet-Patte procedure with minimum 5-year follow-up[END_REF]Colegate-Ston, van der Watt & de Beer, 2015) but delay up to 12 months from surgery are also reported in the literature [START_REF] Ciccotti | Return to play criteria following surgical stabilization for traumatic anterior shoulder instability: A systematic review[END_REF]. Consequently, additional knowledge on functional status of shoulder with and without history of problems in rugby union players needs to help the decision-making for returning to the same sport at preinjury level in the shortest time while reducing risk of reinjury.

Before returning to sport, the restoration in shoulder physical abilities appears to be obvious after an injury episode. The progression in physical abilities from injury to return to sport at preinjury level follows a continuum to achieve return to participation then return to sport and finally return to performance [START_REF] Ardern | Consensus statement on return to sport from the First World Congress in Sports Physical Therapy, Bern[END_REF]. However, the psychological dimension may also play a role like the patient's emotional health affects the outcomes of nonoperative and operative treatments [START_REF] Ayers | The role of emotional health in functional outcomes after orthopaedic surgery: extending the biopsychosocial model to orthopaedics: AOA critical issues[END_REF]; and the injury episode could result in fear of reinjury and limited self-efficacy and motivation [START_REF] Ardern | Consensus statement on return to sport from the First World Congress in Sports Physical Therapy, Bern[END_REF]. Characterising the psychological readiness of athlete to return to sport following shoulder injury in association with the physical abilities may also highlight the decision making to return to full performance.

The aim of this study was three folds: to assess the effects of (1) rugby union practice, (2) history of injury managed nonoperatively, and (3) history of injury managed operatively on shoulder functional status in male rugby union players. It was hypothesized that rugby union practice would result in specific adaptations in shoulder functional status. It was also hypothesized that full restoration in physical and psychological abilities would be observed after a history of shoulder injury managed nonoperatively, while history of shoulder stabilization surgery would impair both the psychological and physical abilities in rugby union players.

MATERIALS & METHODS

Population

Eighty-six male athletes (age: 22.3 ± 3.9 years [15;38], height: 1.79 ± 0.07 m [1.65;2.00], mass : 82.4 ± 14.3 kg [55.5;121.0], weekly sport practice: 5.7 ± 2.8 hours [1.5;12.0]) volunteered to participate in this study, which was approved by the Ethical Committee (#2018-A03013-52). The distance from the C7 spinous process to the most distal tip of the third finger was measured both the sides, using a tape, when the upper limb abducts at 90° in the frontal plane.

The athletes' shoulders were assigned into four groups. Both the shoulders of 18 multisport athletes (soccer = 8; running = 5; basketball = 4; yoga = 1) were included in the reference group (MS,n=36) and those of 21 rugby union players were included in the healthy rugby group (HR, n=42). Shoulders of 17 rugby union players with history of shoulder injury managed nonoperatively constituted the third group (RNO, n=19; 14 dominant shoulders; acromioclavicular sprain stage I or II = 12, glenohumeral subluxation = 6, sternoclavicular sprain = 1). Finally, shoulders of 30 rugby union players with history of shoulder injury managed operatively with stabilization surgery by Latarjet procedure were assigned into the fourth group (RSS, n=30; 18 dominant shoulders). Inclusion and exclusion criteria for the four groups of shoulders are detailed in Table 1. **** Insert Table 1 near Isometric maximal voluntary contractions when arm abducted at 90° and elbow flexed at 90° in supine position were performed according to the procedure described by [START_REF] Gillet | Adaptive alterations in shoulder's range of motion and strength in young tennis players[END_REF]. The maximal strengths were measured for glenohumeral external (ER) and internal (IR) rotator muscles in each side, then normalized by body mass (expressed in N/kg) and used to compute the strength ratio ER/IR per shoulder.

Each participant then performed the upper-quarter Y-Balance Test (YBT) according to the procedure found in Degot, Blache, Neyton & Rogowski (2019a). The maximal distances reached in mediolateral, inferolateral and superolateral directions were measured for each upper limb then normalized by the respective distance between C7 and third finger (expressed in % of upper limb length), and averaged.

Finally, each participant performed the unilateral seated shot-put test (USSPT) according to the procedure described in [START_REF] Chmielewski | Normalization considerations for using the unilateral seated shot put test in rehabilitation[END_REF]. For each upper extremity, the distances of three pushing shots were averaged and normalized allometrically when dividing the mean distance per limb by body mass 0.35 [START_REF] Chmielewski | Normalization considerations for using the unilateral seated shot put test in rehabilitation[END_REF].

Statistical analysis

All data are presented by mean ± standard deviation. Effect sizes (ES) were computed, with ES=0.2 for small effect, ES=0.5 for medium effect and ES≥0.8 for large effect; and independent t-tests were applied to compare demographic characteristics and shoulder functional status between MS and HR.

Analyses of variance (ANOVA) with one independent factor were applied to highlight the group effect (HR vs. RNO vs. RSS) on demographic characteristics and shoulder functional status. In case of significant group effect, post hoc C-Dunnett tests were applied to compare, on the one hand, HR and RNO, and on the other hand, HR and RSS. All the statistical tests were made using SPSS 11.0 software and the level of significance was set at p≤0.05.

RESULTS

MS presented significantly higher age and weekly training hours than HR (Table 2; ES= 0.71; medium-to-large effect; p=0.004 and ES= 0.50; medium effect; p=0.03, respectively), while HR was heavier than MS (ES=1.04 ; large effect; p=0.01). When compared rugby union player groups, no significant differences were observed in demographic and sport characteristics, except for weekly training hours for which RSS practiced significantly more hours per week at the time of injury than HR (ES= 2.1; large effect; p<0.001). **** Insert Table 2 near here **** Regarding the shoulder functional status, MS and HR presented similar SI-RSI, ER/IR, YBT and USSPT scores, while normalized maximal ER and IR strengths were significantly higher in HR than in MS (Table 3; ES= 0.42; low-to-medium effect; p=0.04 and ES= 0.53; medium effect; p= 0.03, respectively). When comparing the three groups of rugby union players, ANOVA revealed a significant group effect for SI-RSI (p<0.001), normalized maximal ER (p<0.001) and IR strengths (p<0.001), mean YBT score (p=0.001) and YBT score in inferolateral direction (p<0.001). SI-RSI score were significantly lower in RNO than in HR (ES=11.9; large effect; p<0.001), while no other significant differences were reported between HR and RNO. SI-RSI score (ES=22.3; large effect; p=0.001), normalized maximal ER (ES=1.23; large effect; p<0.001) and IR strengths (ES=0.64; medium-to-large effect; p<0.001), mean YBT score (ES=0.90; large effect; p<0.001) and YBT score in inferolateral direction (ES=1.84 ; large effect; p<0.001) were significantly lower in RSS than in HR. **** Insert Table 3 near here ****

DISCUSSION

The aim of this study was to investigate the effects of practice and history of shoulder injury managed nonoperatively or operatively on the shoulder functional status in male rugby union players. The main findings were that rugby union practice demands enhanced glenohumeral muscle maximal strength.

The history of shoulder injury managed nonoperatively did not impair physical abilities but limited the rugby union player's psychological readiness. When assessed 4.5-months postoperatively, the shoulder stabilization surgery by Latarjet procedure impaired maximal glenohumeral muscle strength and upper quarter body stability and mobility.

Rugby union specific tasks place high demand onto the shoulder region in order to resist to compressive and posteroinferior forces (Usman, McIntosh & Fréchède, 2011). Although our healthy rugby players were heavier than our non-collision-sport athletes, score values were comparable as they were expressed related to body dimensions [START_REF] Crewther | The Ratio and Allometric Scaling of Speed, Power, and Strength in Elite Male Rugby Union Players[END_REF], i.e. body mass for maximal isometric strengths and medicine ball push-throw test [START_REF] Chmielewski | Normalization considerations for using the unilateral seated shot put test in rehabilitation[END_REF], and upper limb length for upper quarter Y balance test [START_REF] Gorman | Upper Quarter Y Balance Test: Reliability and Performance Comparison Between Genders in Active Adults[END_REF]. Healthy rugby union players presented with higher maximal isometric strength at glenohumeral joint than athletes practicing non-collision sports, with similar anteroposterior muscular balance [START_REF] Edouard | Influence of Rugby Practice on Shoulder Internal and External Rotators Strength[END_REF], and similar abilities in upper quarter body stability, mobility and power. Such increased glenohumeral muscle strength may need to resist to the repeated substantial forces applied to the shoulder in the tackle (Usman et al., 2011). Mean maximal internal and external rotator muscle strengths reported for our healthy rugby union players were however lower than the thresholds predictive of in-season shoulder injury occurrence proposed by [START_REF] Ogaki | Preseason muscle strength tests in the assessment of shoulder injury risk in collegiate rugby union players[END_REF]. This does not mean that our healthy players should be at high risk for shoulder injury because the specificity of the thresholds remains low [START_REF] Ogaki | Preseason muscle strength tests in the assessment of shoulder injury risk in collegiate rugby union players[END_REF] and the force applied onto the shoulder region during game depends on the skill level [START_REF] Mcintosh | Tackle characteristics and injury in a cross section of rugby union football[END_REF], which is difficult to compare between a squad from one Japanese university club [START_REF] Ogaki | Preseason muscle strength tests in the assessment of shoulder injury risk in collegiate rugby union players[END_REF] and our convenient sample of rugby union players. Our findings then confirmed that rugby union practice demands increased maximal muscular strength at the glenohumeral joint and showed no specific adaptations in upper quarter body stability, mobility and power in comparison with non-collision sport athletes when performance was normalized by body dimensions. Like the shoulder functional status presented with rugby-unionspecific adaptations, studying the effects of history of shoulder problems may demand to compare injured players in reference to healthy rugby union players.

Impact on shoulder during rugby union tackle or sudden arm horizontal extension are the main mechanisms for shoulder subluxation and dislocation [START_REF] De Beer | Shoulder injuries in rugby players[END_REF][START_REF] Montgomery | Video analysis of shoulder dislocations in rugby: Insights into the dislocating mechanisms[END_REF]. Such injuries result in joint instability due to a distension or rupture of the ligaments stabilizing the joint [START_REF] De Beer | Shoulder injuries in rugby players[END_REF], and non-operative management consists of recovering the joint stability within surrounding muscular tissues, especially the glenohumeral rotator muscles. The physical abilities of our shoulders with history of injury managed nonoperatively appeared to be restored when compared to our healthy shoulders. Restoration in maximal strength and upper quarter body stability, mobility and power is crucial to return to competition at preinjury level or above [START_REF] Ardern | Consensus statement on return to sport from the First World Congress in Sports Physical Therapy, Bern[END_REF]. However, the psychological readiness to practice rugby was still impaired in players having experienced a shoulder injury episode. Limited positive emotions and confidence, and reinjury anxiety [START_REF] Gerometta | The Shoulder Instability-Return to Sport after Injury (SIRSI): a valid and reproducible scale to quantify psychological readiness to return to sport after traumatic shoulder instability[END_REF] may have beneficial effects on the player to raise awareness of how preventing strategies are important during training and competition (Wadey et al., 2014). They may also act as negative competitive stressors, which are known to have deleterious effects on athlete's performance [START_REF] Sarkar | Psychological resilience in sport performers: a review of stressors and protective factors[END_REF]. It then appeared that the shoulder injury managed nonoperatively in rugby union players may be fully compensated physically, and the effects of partially restored psychological abilities on prevention and performance remained to be investigated.

When glenohumeral dislocation with glenoid bony lesion occurs, shoulder stabilization surgery by Latarjet procedure is advocated to limit the shoulder instability recurrence [START_REF] Boone | First-time anterior shoulder dislocations: has the standard changed[END_REF].

The tip of the coracoid process is transferred through the subscapularis muscle onto the antero-inferior glenoid, and satisfactory graft healing is achieved at 3 months postoperatively (Young et al., 2010).

The healing of the coracoid graft is a primary criterion to authorize a progressive return to sport, including contact sports (Young et al., 2010), occurring between 3 and 5 months after surgery in professional rugby union players (Colegate-Ston et al., 2015). After serious injury, return to the same sport at preinjury level demands psychological and physical readiness [START_REF] Gerometta | The Shoulder Instability-Return to Sport after Injury (SIRSI): a valid and reproducible scale to quantify psychological readiness to return to sport after traumatic shoulder instability[END_REF], which was not met in our amateur rugby players assessed at 4 months postoperatively. Indeed, 71% for SI-RSI score remained lower than scores above 76% commonly admitted for return to sport [START_REF] Müller | Predictive parameters for return to pre-injury level of sport 6 months following anterior cruciate ligament reconstruction surgery[END_REF], and scores reported for our healthy rugby union players. Physically, our operated shoulders presented with deficits in strength and upper quarter stability and mobility, as attested by significant lower values for maximal glenohumeral internal and external rotator muscle strength and YBT composite score when compared with our healthy shoulders.

Shoulder stabilization surgery seemed to unalter the muscular balance at glenohumeral joint, but the decrease reported in maximal strength may jeopardize the stability when shoulder must counteract the force generated by impact during specific rugby union tasks (Usman et al., 2011). Given that the upper quarter YBT is proposed to assess upper quarter stability, mobility and strength [START_REF] Gorman | Upper Quarter Y Balance Test: Reliability and Performance Comparison Between Genders in Active Adults[END_REF], it can be thought that the lower YBT composite score in surgically stabilized shoulder may be related to deficit in stability. Such a hypothesis may however not be confirmed when focusing on each YBT component, as the deficit occurred in inferolateral direction only. Despite stability deficits may occur in certain directions, another hypothesis concerned the limitation in glenohumeral mobility. During YBT, it may be supposed that trunk rotates to help the moving hand to reach the maximal distance in inferolateral direction, hence placing the supporting arm in horizontal adduction. At 4 months after Latarjet procedure, the extension in osseous glenoid cavity by coracoid bone transfer, extending the osseous glenoid cavity, may results in a non-anatomical barrier limiting shoulder mobility in horizontal adduction. It could be then interesting to monitor YBT performance beyond 4 months postoperatively to assess progress in shoulder mobility, and to investigate the mechanisms underlying the reduced YBT performance in inferolateral direction. These findings however showed that rugby union player's shoulder at 4 months postoperatively presented with reduced psychological and physical abilities, which still demanded to be restored before returning to full rugby union playing.

The main limitations of this study were related to its retrospective nature, which resulted in (1) the lack of information on the rehabilitation program following the shoulder injury managed nonoperatively, on the return to sport in rugby union with history of shoulder stabilization surgery, and on the playing position and experience in rugby union players, and (2) the interindividual variability in delay from injury in rugby union players with history of shoulder injury managed nonoperatively.

However, this study was the first to address the shoulder functional status through psychological and physical issues in rugby union players with and without history of injury or surgery. Further studies need to assess the effects of return-to-sport programs involving both the psychological and physical dimensions on shoulder functional status restoration and whether the shoulder functional status assessed at 4 months postoperatively can predict the return to sport in rugby union players.

To conclude, the findings of this study were that the functional status of rugby union player's shoulder presented increased glenohumeral rotator muscle strength when compared to non-collision sport athletes. In rugby union players, psychological concerns remained in the long-term after a shoulder injury managed nonoperatively, and psychological and physical readiness were not reached at 4.5 months after shoulder stabilization surgery to respond to rugby union practice demand. These findings bring new knowledge to clinicians and sport coaches on the restoration in psychological and physical * for significant differences between MS and HR at p≤0.05 † † † for significant differences between HR and RNO at p≤0.001 ‡ ‡ ‡ for significant differences between HR and RSS at p≤0.001

  here **** Procedure Each athlete began the testing session by completing the French version of SI-RSI questionnaire (Gerometta, Klouche S, Herman, Lefevre & Bohu, 2018) (for each shoulder in MS and HR), then performed the warm-up described in Degot et al. (2019b), and finally performed three performance physical tests.

Table 2 :

 2 Mean ± standard deviation [minimum ;maximal] demographic values in the four groups, namely, MS for multisport athletes, HR for healthy rugby union players, RNO for rugby union players with history of shoulder injury managed nonoperatively, and RSS for rugby union players with history of shoulder stabilization surgery.

		MS	HR	RNO	RSS	p
	n	18	21	17	30
	Age (years)	23.6 ± 3.3			

Table 3 :

 3 Mean ± standard deviation shoulder functional status outcome values in the four groups, namely, MS for multisport athletes, HR for healthy rugby union players, RNO for rugby union players with history of shoulder injury managed nonoperatively, and RSS for rugby union players with history of shoulder stabilization surgery.

		MS	HR	RNO	RSS	p
	n	36	42	19	30	
	SIRSI (%)	98,50 ± 3,15	99,70 ± 1,26	84,69 ± 20,19	71,73 ± 15,14	† † †, ‡ ‡ ‡
	ER (N.kg -1 )	2,21 ± 0,39	2,37 ± 0,43	2,40 ± 0,37	1,85 ± 0,48	*, ‡ ‡ ‡
	IR (N.kg -1 )	2,11 ± 0,39	2,32 ± 0,53	2,33 ± 0,54	1,80 ± 0,52	*, ‡ ‡ ‡
	ER/IR	1,07 ± 0,24	1,06 ± 0,23	1,08 ± 0,27	1,05 ± 0,16	
	YBTC	0.90 ± 0.09	0.87 ± 0.11	0.84 ± 0.08	0.77 ± 0.08	‡ ‡ ‡
	YBTML	1,02 ± 0,09	1,00 ± 0,10	0,98 ± 0,10	0,98 ± 0,09	
	YBTIL	0,90 ± 0,12	0,88 ± 0,14	0,83 ± 0,12	0,62 ± 0,12	‡ ‡ ‡
	YBTSL	0,77 ± 0,11	0,74 ± 0,13	0,71 ± 0,08	0,72 ± 0,12	
	USSPT	67,75 ± 9,78	70,49 ± 14,12	76,02 ± 11,54	71,29 ± 13,24	

SIRSI: Shoulder Instability Return to Sport after Injury; ER: maximal glenohumeral external rotator strength; IR: maximal glenohumeral internal rotator strength; mediolateral (YBTML), inferolateral (YBTIL), superolateral (YBTSL) and average (YBTC) normalized distances for upper quarter Y balance test; USSPT: unilateral seared shot put test)
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