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Introduction

Evaluation of sensorimotor shoulder function is of major importance for guidance of sportsspecific training, injury prevention and rehabilitation of sports-specific shoulder disorders, e.g. shoulder instability and functional impingement syndromes. The musculoskeletal sensorimotor system maintains functional joint stability by complex interaction of afferent, efferent, peripheral and central integration and processing components coordinating agonist and antagonist muscular activity. [START_REF] Riemann | The sensorimotor system, part I: the physiologic basis of functional joint stability[END_REF] For instance, patients with anterior shoulder instability exhibit deficits of both afferent proprioception and efferent motor response. [START_REF] Myers | Sensorimotor contribution to shoulder stability: effect of injury and rehabilitation[END_REF] Mihata et al. showed that muscular imbalance and anterior capsular laxity lead to an increase of posterior superior glenohumeral contact pressures. [START_REF] Mihata | Effect of rotator cuff muscle imbalance on forceful internal impingement and peel-back of the superior labrum: a cadaveric study[END_REF][START_REF] Mihata | Effect of anterior capsular laxity on horizontal abduction and forceful internal impingement in a cadaveric model of the throwing shoulder[END_REF] Alterations of shoulder kinematics in anterior shoulder instability may lead to clinically symptomatic posterior superior impingement (PSI) syndrome causing structural lesions, e.g. superior labrum anterior to posterior (SLAP) lesions and tears of the posterior superior labrum as well as the rotator cuff. [START_REF] Mihata | Effect of rotator cuff muscle imbalance on forceful internal impingement and peel-back of the superior labrum: a cadaveric study[END_REF][START_REF] Walch | Impingement of the deep surface of the supraspinatus tendon on the posterosuperior glenoid rim : an arthroscopic study[END_REF] PSI is known to be a common source of functional shoulder pain ("thrower's shoulder") in throwing athletes. [START_REF] Liu | Posterior superior impingement of the rotator cuff on the glenoid rim as a cause of shoulder pain in the overhead athlete[END_REF] Pathogenesis of the "thrower's shoulder" involves complex structural and kinematic alterations, most importantly a relative deficiency of internal rotation strength. Edouard et al. [START_REF] Edouard | Shoulder strength imbalances as injury risk in handball[END_REF] found muscular imbalances of internal and external rotation strength in asymptomatic, high-level handball players which were associated with a higher risk for subsequent shoulder injuries. Such muscular imbalance impairs sensorimotor shoulder function and may lead to clinically symptomatic functional disorders such as PSI and glenohumeral internal rotation deficit (GIRD) syndrome. [START_REF] Mihata | Effect of rotator cuff muscle imbalance on forceful internal impingement and peel-back of the superior labrum: a cadaveric study[END_REF][START_REF] Guney | The effect of glenohumeral internal-rotation deficit on functional rotator-strength ratio in adolescent overhead athletes[END_REF][START_REF] Myers | The role of the sensorimotor system in the athletic shoulder[END_REF] Proprioception plays an important role within the sensorimotor system. [START_REF] Riemann | The sensorimotor system, part I: the physiologic basis of functional joint stability[END_REF] Subjects with unstable shoulders show decreased proprioceptive ability and mechanoreceptor dysfunction due to structural lesion of the capsuloligamentous complex. [START_REF] Warner | Role of proprioception in pathoetiology of shoulder instability[END_REF] However, evaluation of proprioception alone, e.g., using joint position sense testing and detection of passive motion tests, [START_REF] Aydin | Shoulder proprioception: a comparison between the shoulder joint in healthy and surgically repaired shoulders[END_REF][START_REF] Lephart | Proprioception of the shoulder joint in healthy, unstable, and surgically repaired shoulders[END_REF][START_REF] Safran | Shoulder proprioception in baseball pitchers[END_REF] does not provide sufficient information for comprehensive assessment of sensorimotor shoulder function because evaluation of efferent motor response is lacking.

Literature reports shoulder range of motion tests [START_REF] Wilk | Current concepts in the rehabilitation of the overhead throwing athlete[END_REF][START_REF] Zheng | Shoulder rotational properties of throwing athletes[END_REF] and isokinetic strength evaluation in handball players [START_REF] Edouard | Shoulder strength imbalances as injury risk in handball[END_REF][START_REF] Andrade | Profile of isokinetic eccentric-to-concentric strength ratios of shoulder rotator muscles in elite female team handball players[END_REF] and patients with anterior shoulder instability. [START_REF] Edouard | Rotator cuff strength in recurrent anterior shoulder instability[END_REF][START_REF] Saccol | Shoulder rotator strength and torque steadiness in athletes with anterior shoulder instability or SLAP lesion[END_REF] However, few studies focused on sensorimotor function of the shoulder joint. [START_REF] Edouard | Sensorimotor control deficiency in recurrent anterior shoulder instability assessed with a stabilometric force platform[END_REF][START_REF] Laudner | Upper extremity sensorimotor control among collegiate football players[END_REF][START_REF] Myers | Proprioception and neuromuscular control of the shoulder after muscle fatigue[END_REF][START_REF] Padua | The effect of select shoulder exercises on strength, active angle reproduction, single-arm balance, and functional performance[END_REF][START_REF] Tripp | Recovery of upper extremity sensorimotor system acuity in baseball athletes after a throwing-fatigue protocol[END_REF] While the latter focused on 3D analysis of upper extremity position reproduction during functional movement, others investigated glenohumeral sensorimotor control using an upper limb weight-bearing condition. Edouard et al. found impaired postural sensorimotor control in patients with anterior shoulder instability. [START_REF] Edouard | Sensorimotor control deficiency in recurrent anterior shoulder instability assessed with a stabilometric force platform[END_REF] The experimental set-up with the lower part of the body being supported on a table does not only target the shoulder joint but the entire upper body part and does not consider functional testing such as a throwing task.

To date, there is no experimental set-up that evaluates all relevant components of sensorimotor shoulder function including proprioception, dynamic neuromuscular control, muscle strength and functional performance.

The aim of the present study therefore was to evaluate feasibility and results of such multimodal assessment of sensorimotor shoulder function in patients with untreated anterior shoulder instability and asymptomatic recreational handball players. Both groups are prone to muscular imbalance and alteration of sensorimotor function potentially leading to functional shoulder disorders such as PSI and the "thrower's shoulder". Using combined proprioceptive, dynamic and functional testing, a shoulder-specific sensorimotor index (S-SMI) was designed as a novel diagnostic tool for multimodal assessment of sensorimotor shoulder function. We hypothesized 1) an impaired sensorimotor function of the dominant unstable shoulder compared to the non-dominant healthy shoulder in patients and 2) a superior sensorimotor function of the dominant throwing shoulder compared to the non-dominant shoulder in handball players.

Materials and Methods

Study population

Using data from the literature evaluating proprioceptive and isokinetic strength parameters in patients with shoulder instability [START_REF] Lephart | Proprioception of the shoulder joint in healthy, unstable, and surgically repaired shoulders[END_REF][START_REF] Edouard | Rotator cuff strength in recurrent anterior shoulder instability[END_REF] and overhead athletes, [START_REF] Safran | Shoulder proprioception in baseball pitchers[END_REF][START_REF] Andrade | Profile of isokinetic eccentric-to-concentric strength ratios of shoulder rotator muscles in elite female team handball players[END_REF] the sample size was estimated to achieve 80% statistical power with an alpha level of 0.05. Nine patients (PAT; 8 males and 1 female; body height = 180 ± 7 cm; body mass index (BMI) = 25 ± 4 kg.m 2 ; age = 22 ± 4 years) with untreated anterior instability exclusively of their dominant shoulders and 15 asymptomatic, recreational handball players (HB; 11 males and 4 females body height = 180 ± 10 cm; BMI = 24 ± 3 kg.m 2 ; age = 21 ± 2 years) participated in the study. All patients had experienced at least one but a maximum of five shoulder dislocations with magnetic resonance imaging proven Bankart lesions of the anterior inferior labrum. Patients with bony involvement and associated injuries were excluded. The minimum time period between the last event of dislocation and multimodal testing was two months to ensure painless and full range of motion. None of the patients had received a specific rehabilitation program prior to testing. Patients suffered from subjective shoulder instability during overhead activities but must not have experienced habitual dislocations in daily routine. The clinical diagnosis of symptomatic, unidirectional anterior glenohumeral instability without ligamentous hyperlaxity (B2 according to Gerber and Nyfeller [START_REF] Gerber | Classification of glenohumeral joint instability[END_REF] ) was confirmed by an experienced orthopaedic surgeon. All patients showed clearly positive anterior apprehension signs but no clinical signs of ligamentous hyperlaxity. Participants in the HB group were recruited to match the PAT group concerning body height, BMI and age. Handball players studying at the sport university and playing in the 3rd -5th league, as well as their teammates were asked to participate in the study. They constituted a homogeneous group, with over 10 years handball experience and on average 6.5 ± 1.5 hours/week of training. The regular training program was maintained during testing. 13 players were right-handed and two were left-handed. All participants were free from any upper extremity pain at the time of testing and did not report any history of shoulder pain or injury over the 12 months prior to the measurements. In addition, players were excluded if they reported any history of shoulder dislocation, fracture or surgery.

Written consent was obtained prior to study participation. The study was approved by the local ethics committee (approval 195/12) and was conducted according to the ethical principles for medical research involving human subjects (Declaration of Helsinki).

Procedure

Participants were asked to perform proprioceptive joint position sense (JPS_prop) and dynamic stabilisation (Stabi_dyn) tests on an isokinetic device (IsoMed2000, D. & R. Ferstl GmbH, Hemau, Germany) in a seated position with 45° of shoulder abduction in the scapular plane, 90° of elbow flexion and 10° of shoulder external rotation (Figure 1). Trunk and arm were firmly fixed with straps so that participants could not move these segments during measurements. The rationale for this testing position was the high reliability reported for isokinetic strength parameters. [START_REF] Edouard | Reliability of isokinetic assessment of shoulder-rotator strength: a systematic review of the effect of position[END_REF] For JPS_prop testing, the shoulder was first placed in 10° of internal rotation (IR) or 10° of external rotation (ER). After 10 sec. the shoulder was turned to the neutral position. From that reference position, participants had to passively reposition their arm to the 10° IR or ER positions, respectively. During the entire proprioception test, participants were blindfolded.

For Stabi_dyn testing, participants had to maintain their shoulder position as close as possible to the reference position, while sustaining random displacements in both IR and ER directions. Intensity of displacements was set at different percentage levels of the maximal voluntary isometric torque (MVIT) measured in both IR and ER prior to testing. Additionally, instantaneous visual feedback of the arm position in relation to the reference position was provided on a screen. Two attempts at different levels of force (25%, 50 and 75% MVIT) were allocated and each measurement lasted 54 seconds. Reliability of this new Stabi_dyn test was evaluated by means of the intraclass correlation coefficient (ICC2,1). Therefore, among the 24 participants, 18 performed the test twice on 2 different days. Across the 3 intensity levels, this test showed acceptable reliability for internal and external rotations (ICC=0.87 and ICC=0.75, respectively). [START_REF] Hopkins | Measures of reliability in sports medicine and science[END_REF] In addition, participants conducted a functional throwing test to determine their individual performance index (FTPI_func) reflecting throwing accuracy. [START_REF] Davies | Neuromuscular testing and rehabilitation of the shoulder complex[END_REF] Subjects were asked to throw a ball towards a 0.3m 2 target area on the wall from a 4.6m distance as many times as possible during a time period of 30 seconds. The examiner records the number of throws and the number of throws hitting the target area.

Finally, isokinetic strength testing was performed at 2 angular velocities: 90°/s and 180°/s with 5 and 10 repetitions respectively. Participants were asked to progressively increase their effort in order to reach their peak strength during the last 2 repetitions.

All tests were performed for both the dominant (Do) and non-dominant shoulder (randomly assigned over all participants). Thus, the healthy non-dominant side (N-Do) provided intraindividual reference values for each participant. Few days prior to this multimodal assessment, participants became familiar with the testing procedure during a specific training session.

Data analysis

Mean reposition errors (in °) with respect of the 10° IR or 10° ER were assessed for JPS_prop testing. Mean position errors (in °) related to the reference position were calculated over the 54 seconds test duration for IR and ER direction, respectively. FTPI_func (in %) was calculated as the ratio between the number of accurate throws and the total number of throws during the 30 seconds test.

In order to further evaluate the sensorimotor function of the shoulder, a shoulder-specific sensorimotor index (S-SMI, expressed in %) was calculated as follows:

Mean values ( ) of each of the three tests accounted for one third of the value of the S-SMI.

For that purpose, all test results were expressed as percentages. For JPS_prop and Stabi_dyn measurements, 0 up to 10 degree deviation corresponded to percentage values ranging from 100% to 0%, respectively.

During the isokinetic movements, dynamic strength of internal rotators and external rotators were evaluated by means of peak torque values normalized to body mass (Nm.kg -1 ). Side-toside differences (%) were calculated at each angular velocity and represented dominant side strength deficit/superiority compared with non-dominant side.

Statistical analysis

The best out of two attempts of JPS_prop (two dependent variables), Stabi_dyn (six dependent variables) testing, FTPI_func, S-SMI and the peak torque values for IR and ER at each angular velocity were selected for both Do and N-Do shoulders for statistical analysis.

Present data did not follow normal distribution for four variables (Shapiro-Wilk test).

Accordingly, non-parametric tests were applied. Descriptive statistics used median, interquartile range as well as minimal and maximal values. The influence of shoulder dominance (Do vs. N-Do) on dependent variables within each participant group was analysed using the Wilcoxon test. The level of significance was set at 0.05.

Results

PAT showed no significant difference between Do and N-Do shoulders for JPS_prop, Stabi_dyn and FTPI_func testing (Table I). Moreover, median (interquartile range) values for S-SMI were not significantly different between Do (44.7% (15.5%)) and N-Do (45.7% (6.1%)) shoulders (P=0.59).

HB achieved significantly superior Stabi_dyn scores for external rotation, at 25% level of force intensity for their Do compared to N-Do shoulders (P=0.004). FTPI_func was significantly higher for Do than N-Do shoulder in handball players (P<0.001). Table II lists the detailed results of all variables for JPS_prop, Stabi_dyn and FTPI_func testing for HB. Moreover, S-SMI for Do (56.9% (8.8%)) was significantly higher than for N-Do (45.4% (8.2%)) shoulders (P=0.002; Figure 2).

Internal and external rotator isokinetic peak torque values and external to internal rotator ratios (ER/IR) values for PAT and HB are presented in Table III. Moreover, side-to-side differences (Do vs. N-Do) for these values are provided in Table III. IR values were not significantly different between Do and N-Do. For instance, HB demonstrated comparable IR values between Do and N-Do at 90°/sec and 180°/sec (P=0.59 and P=0.22, respectively). ER for Do was significantly higher than for N-Do shoulders for both PAT (P=0.01) and HB (P=0.005) at 90°/sec. The same was true at 180°/sec (P=0.012 and P=0.02, respectively). ER/IR ratios were also significantly higher for Do than for N-Do shoulders for both PAT (P=0.02) and HB (P=0.03) at 90°/sec. At 180°/sec, ER/IR ratio was significantly higher for Do than for N-Do shoulders for PAT (P=0.01), but not HB (P=0.05).

Discussion

Multimodal assessment of the glenohumeral sensorimotor function revealed 1) successful and valid measurements in both patients with shoulder instability and handball players, 2) comparable sensorimotor function of unstable dominant shoulders compared to healthy contralateral shoulders and 3) superior sensorimotor function of the dominant shoulder of handball players compared to their non-dominant side.

Neither singular sensorimotor tests nor S-SMI were significantly influenced by glenohumeral instability of dominant shoulders. Edouard et al. [START_REF] Edouard | Sensorimotor control deficiency in recurrent anterior shoulder instability assessed with a stabilometric force platform[END_REF] found a significant sensorimotor control deficiency of 20-25% in patients with unstable dominant shoulders compared to healthy contralateral shoulders. However, they employed a static, weight-bearing experimental set-up, that rather measured postural stability of both the upper body than glenohumeral sensorimotor function. To our knowledge, the present study is the first to assess the influence of shoulder stability on dynamic sensorimotor shoulder function and adds valuable information to exclusive muscular strength analysis. Numerous studies showed significant isokinetic strength differences between unstable and stable shoulders. [START_REF] Edouard | Rotator cuff strength in recurrent anterior shoulder instability[END_REF][START_REF] Saccol | Shoulder rotator strength and torque steadiness in athletes with anterior shoulder instability or SLAP lesion[END_REF][START_REF] Tsai | Shoulder function in patients with unoperated anterior shoulder instability[END_REF] However, only Edouard et al. [START_REF] Edouard | Rotator cuff strength in recurrent anterior shoulder instability[END_REF] investigated rotator cuff strength profile in glenohumeral instability, while ensuring that instability was only present on the dominant side, as we did in the present study. These authors found a significant reduction of up to 9% of isokinetic peak torque values for external rotation but no significant difference for internal rotation in unstable compared to contralateral stable shoulders. [START_REF] Edouard | Rotator cuff strength in recurrent anterior shoulder instability[END_REF] The lack of internal rotation difference between both shoulders has also been reported in the present study. On the other hand, the literature consistently reports significant higher internal (up to 15%) and external (up to 12%) rotation strength of healthy dominant compared to healthy non-dominant shoulders. [START_REF] Edouard | Shoulder strength imbalances as injury risk in handball[END_REF][START_REF] Edouard | Rotator cuff strength in recurrent anterior shoulder instability[END_REF][START_REF] Mayer | Normal values of isokinetic maximum strength, the strength/velocity curve, and the angle at peak torque of all degrees of freedom in the shoulder[END_REF] Present findings cannot be directly compared with previously published studies. Most importantly, there exist no reference data for dynamic stabilisation testing with perturbation.

In contrast, sensorimotor shoulder function was assessed using a novel dynamic perturbation model in the present study. Based on existent knowledge, one would assume significant superiority of about 15% of sensorimotor function of the dominant shoulder joint. In the present study, untreated anterior shoulder instability led to a loss of this dominance-related effect indicating a significant decrease of sensorimotor function.

Handball players demonstrated superior dynamic stabilization of their dominant shoulder joints for external rotation at the lowest level of force intensity (25% MVIT), a higher functional throwing ability and an increased S-SMI compared to the non-dominant side.

Superior sensorimotor control for external rotation at the lowest force level might be explained by intensive functional training of dominant, throwing shoulders. However, this effect was not consistently present and could not be detected for higher force levels and internal rotation. This new dynamic stabilisation test combines proprioceptive and functional testing, is reliable and can be performed at individual force levels. Different experimental settings (e.g., lower force levels) should be explored to detect instability-related and sportsspecific deficits and imbalances. This comprehensive sensorimotor evaluation showed comparable internal rotator peak torques for both shoulders, and adds substantial knowledge to findings from conventional isokinetic strength studies. In contrast, other studies on elite handball players observed significantly higher isokinetic internal rotation strengths for dominant, throwing shoulders. [START_REF] Edouard | Shoulder strength imbalances as injury risk in handball[END_REF][START_REF] Clarsen | Reduced glenohumeral rotation, external rotation weakness and scapular dyskinesis are risk factors for shoulder injuries among elite male handball players: a prospective cohort study[END_REF][START_REF] Andrade | Profiling the isokinetic shoulder rotator muscle strength in 13-to 36-year-old male and female handball players[END_REF][START_REF] Ellenbecker | The application of isokinetics in testing and rehabilitation of the shoulder complex[END_REF] We explained this discrepancy by the lower level of training intensity and competition of recreational compared to high-level professional athletes.

The functional throwing test showed that dominant shoulders of handball players reached a 60% FTPI value corresponding to the top of the range reported for healthy shoulders. [START_REF] Davies | Neuromuscular testing and rehabilitation of the shoulder complex[END_REF] Moreover, non-dominant shoulders as well as unstable shoulders reached a poor FTPI level of below 30%. These findings indicate that instability-caused impairment of shoulder sensorimotor function might be effectively detected by functional tasks such as throwing, which are performed at low force levels.

Increased functional throwing ability combined with superior dynamic stabilisation for external rotation at a low force level yielded a superior S-SMI for dominant compared to nondominant shoulders of handball players.

Passive joint position sense was neither improved in dominant shoulders of handball players nor reduced in unstable dominant shoulders compared to non-dominant healthy shoulders. Although patients showed a 2° less accurate unstable shoulder for internal rotation, this value did not reach statistical significance. Our results were in accordance with joint position sense values found by Lephart et al. [START_REF] Lephart | Proprioception of the shoulder joint in healthy, unstable, and surgically repaired shoulders[END_REF] Consistently, Safran et al. [START_REF] Safran | Shoulder proprioception in baseball pitchers[END_REF] reported symmetry of shoulder proprioception in overhead athletes. Our study did not detect side-specific differences for shoulder proprioception using joint position sense testing, while combined functional and dynamic testing (FTPI_func and Stabi_dyn) enabled comprehensive evaluation of sensorimotor function of the shoulder joint.

This study represents a novel approach of comprehensive multimodal evaluation of sensorimotor function of the shoulder joint comprising sensory, motor and functional qualities. The use of an isokinetic dynamometer to perform dynamic stabilisation tests further shows the considerable potential of this technology. But several limitations need to be considered. Most importantly, normative values of sensorimotor function need to be defined by assessment of representative control cohorts. Dynamic sensorimotor testing at lower force levels might enable the detection of significant differences and the inclusion of patients with higher grades of shoulder instability.

From a clinical perspective, the combination of relative internal rotation weakness and anterior capsular laxity in untreated shoulder instability entails a substantial risk for posterior superior glenohumeral impingement and subsequent structural lesions, e.g. articular-sided rotator cuff and labral tears. [START_REF] Mihata | Effect of rotator cuff muscle imbalance on forceful internal impingement and peel-back of the superior labrum: a cadaveric study[END_REF][START_REF] Mihata | Effect of anterior capsular laxity on horizontal abduction and forceful internal impingement in a cadaveric model of the throwing shoulder[END_REF][START_REF] Walch | Impingement of the deep surface of the supraspinatus tendon on the posterosuperior glenoid rim : an arthroscopic study[END_REF][START_REF] Warner | Patterns of flexibility, laxity, and strength in normal shoulders and shoulders with instability and impingement[END_REF] Interestingly, this was also true for dominant shoulders of recreational handball players. Overhead athletes such as handball players are prone to symptomatic posterior superior impingement due to a relative weakness of internal rotation strength and glenohumeral internal rotation deficit (GIRD). [START_REF] Mihata | Effect of rotator cuff muscle imbalance on forceful internal impingement and peel-back of the superior labrum: a cadaveric study[END_REF][START_REF] Walch | Impingement of the deep surface of the supraspinatus tendon on the posterosuperior glenoid rim : an arthroscopic study[END_REF][START_REF] Liu | Posterior superior impingement of the rotator cuff on the glenoid rim as a cause of shoulder pain in the overhead athlete[END_REF][START_REF] Guney | The effect of glenohumeral internal-rotation deficit on functional rotator-strength ratio in adolescent overhead athletes[END_REF] Though, all included handball players were clinically asymptomatic, dominant internal rotation weakness represents a risk factor for occurrence of symptomatic posterior superior impingement syndrome. In this context, specific training of internal rotation strength appears beneficial for both patients with untreated shoulder instability and recreational handball players performing at lower levels of competition.

Conclusions

The present study proves feasibility of multimodal assessment of shoulder sensorimotor function in high-demand overhead athletes, healthy individuals and patients with symptomatic 
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Table I The dominant side in the patients group corresponds to the unstable shoulder.

* indicates significant differences between Do and N-Do.

  anterior shoulder instability. Untreated shoulder instability led to a loss of dominance-related superiority indicating functional internal rotation strength deficiency. Dominant shoulders of handball players showed a superior overall sensorimotor function but weakness of dominant internal rotation constituting a risk factor for occurrence of posterior superior impingement syndrome. The S-SMI, including proprioception, dynamic stabilisation and functional throwing ability, may serve as a diagnostic tool for guidance of sports-specific training, injury prevention and rehabilitation of shoulder instability and possibly other sports-specific shoulder disorders. Internal rotation training appears beneficial for both patients with untreated anterior shoulder instability and handball players performing at a recreational level.

  : Median, interquartile range (IQR), minimal and maximal values of proprioception (JPS_prop) and dynamic stabilisation (Stabi_dyn) scores for internal (IR) and external shoulder rotation (ER) and the three force levels (25, 50, 75%), as well as functional throwing (FTPI_func) scores for the dominant unstable (Do) and non-dominant (N-Do) shoulders in the patients group. Table II: Median, interquartile range (IQR), minimal and maximal values of proprioception (JPS_prop) and dynamic stabilisation (Stabi_dyn) scores for internal (IR) and external shoulder rotation (ER) and the three force levels (25, 50, 75%), as well as functional throwing (FTPI_func) scores for the dominant (Do) and non-dominant (N-Do) shoulders in the handball players group. * indicates significant differences between Do and N-Do.TableIII: Median (interquartile range) values for internal rotator and external rotator peak torque and external to internal rotator ratios (ER/IR) for patients with anterior instability and handball players.

*

  indicates significant differences between Do and N-Do.

Figure 1 :

 1 Figure 1: Schematic view of the setup during the joint position sense and sensorimotor tests

Figure 2 :

 2 Figure 2: Boxplot of the differences in the shoulder-specific sensorimotor index between

Table I :

 I Differences in glenohumeral sensorimotor function between dominant and non-dominant shoulders for patients with anterior instability.

	Patients Do the dominant unstable (Do) and non-dominant (N-Do) shoulders in the patients group.		Patients N-Do		effect Shoulder
		Median	IQR	Min	Max	Median	IQR	Min	Max	P value
	JPS_prop IR (°)	4	1	0	6	2	2	0	7	0.67
	JPS_prop ER (°)	5	5	2	15	6	3	0	13	0.73
	Stabi_dyn IR 25% (°)	2.5	0.9	2.1	3.8	3.2	0.9	1.9	4.1	0.17
	Stabi_dyn ER 25% (°)	2.8	0.8	1.8	5.1	3.9	1.8	2.4	5.3	0.21
	Stabi_dyn IR 50% (°)	4.5	0.1	3	5.9	4.5	1.7	3.3	6.2	0.62
	Stabi_dyn ER 50% (°)	3.7	2.4	2.7	7.5	4.8	0.6	3.8	8.3	0.11
	Stabi_dyn IR 75% (°)	6	1.1	4.3	10.1	5.9	2.1	4.1	11.6	0.94
	Stabi_dyn ER 75% (°)	6	3.4	4.1	13.3	7.2	3.4	5.6	11.8	0.37
	FTPI_func (%)	27.3	13.5	20	50	28.6	5.8	0	66.7	0.77

Table II :

 II Differences in glenohumeral sensorimotor function between dominant and non-dominant shoulders for handball players.

			Handball Players Do			Handball Players N-Do		Shoulder effect
		Median	IQR	Min	Max	Median	IQR	Min	Max	P value
	JPS_prop IR (°)	3	2	0	8	2	5	0	10	0.62
	JPS_prop ER (°)	5	5	2	11	6	7	1	11	0.89
	Stabi_dyn IR 25% (°)	2.6	0.7	1.8	3.4	2.9	0.7	1.9	3.3	0.36
	Stabi_dyn ER 25% (°)	3.1	0.6	2.3	3.9	3.7	0.7	2.7	5.9	0.004*
	Stabi_dyn IR 50% (°)	4	0.8	3.3	4.9	4.3	0.8	2..9	5.1	0.15
	Stabi_dyn ER 50% (°)	4.5	1.2	3.1	6	4.8	1.3	3.3	6.1	0.17
	Stabi_dyn IR 75% (°)	5.4	1.7	4.4	7.1	5.7	0.9	4.2	8.6	0.51
	Stabi_dyn ER 75% (°)	5.8	1.4	3.9	8.8	6	1.3	4.3	10.5	0.33
	FTPI_func (%)	60	10.4	43.8	85.7	31.3	13.5	9.1	46.2	< 0.001*

Table III :

 III Median (interquartile range) values for internal rotator and external rotator peak torque and external to internal rotator ratios (ER/IR) for patients with anterior instability and handball players

			Patients			Handball Players	
		Do	N-Do	Do vs. N-Do (%)	Do	N-Do	Do vs. N-Do (%)
	Isokinetic 90°/sec (Nm/kg)						
	Internal Rotators	0.49 (0.18)	0.52 (0.22)	-15.1 (9.8)	0.61 (0.26)	0.59 (0.22)	0.0 (18.3)
	External Rotators	0.37 (0.07)	0.29 (0.11) *	28.6 (30.0)	0.41 (0.15)	0.33 (0.15) *	46.9 (35.2)
	ER/IR ratio	0.82 (0.43)	0.57 (0.12) *	62.5 (40.8)	0.72 (0.43)	0.47 (0.28) *	58.0 (63.2)
	Isokinetic 180°/sec (Nm/kg)						
	Internal Rotators	0.50 (0.17)	0.58 (0.16)	-14.3 (17.2)	0.61 (0.25)	0.66 (0.22)	-5.1 (13.4)
	External Rotators	0.40 (0.10)	0.30 (0.17) *	43.5 (65.9)	0.45 (0.20)	0.34 (0.18) *	40 (35.7)
	ER/IR ratio	0.86 (0.35)	0.53 (0.17) *	91.3 (75.9)	0.72 (0.37)	0.49 (0.38)	53.4 (53.2)
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