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Abstract

:

The aim of the present study was to assess the effects of a 10 week shoulder home based exercise program (SHEP) on shoulder pain (SP) and range of motion (ROM) in a group of elite wheelchair basketball (WB) players. A convenience sample of elite WB players (n = 36, 15 males and 21 females), mean age of 26 years (SD 7.6, range 15–45)) were assigned to either an exercise or a control group, according to the use of the wheelchair during daily activities. The shoulder pain index for wheelchair basketball players (SPI-WB), functional tests and ROM were measured at baseline and after a 10 week intervention. In the analysis of the SPI-WB scores, for the exercise and control groups separately, there were no significant reductions of SPI-WB scores after intervention. Related to the analysis between groups after 10 weeks of intervention, there were no significant differences in changes between the exercise and control groups (Z = 0.840, p > 0.05, r = 0.743). In this regard, there was a significant change after the intervention for shoulder extension ROM (Z = 2.81, p ≤ 0.05, r = 0.249). Shoulder Pain did not increase along the 10 weeks of the SHEP development in WB players who reported SP before the intervention program. However, in those players who started the intervention without SP, as no increase in SP was observed and players were free of injury. An exercise program could be a tool to maintain shoulder health and prevent injuries in elite WB players.
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1. Introduction


Shoulder disorders are a common problem in wheelchair users [1,2]; a huge proportion of them experience shoulder pain (SP) [2,3,4,5,6,7]. SP is one of the most common symptoms of physical dysfunction caused by increased shoulder load and the repetitive stress of wheelchair handling [7,8,9]. In elite wheelchair athletes, upper limb injuries are frequent, with shoulder injuries being common [10,11]. The risk for SP further increases when wheelchair users also participate in wheelchair basketball (WB), which is the most popular adapted sport and is practiced worldwide [12]. In previous studies, about 72–85% of WB players reported SP related to activities of daily living (ADL) or sports activities [5,13]. In addition, playing WB involves movements such as pushing, breaking or turning the wheelchair [14,15]. Moreover, overhead movements involved while shooting, rebounding or executing long passes may promote SP [3,16,17].



According to prior research, elite WB players report many injuries such as ischial deep tissue injury [18,19] and upper limb muscle strength alterations [20]. Also, a high prevalence of rotator cuff pathology was found [21], and a difference in the risk of SP by gender [14,22]. A systematic review identified limited evidence in relation to shoulder injuries when performing overhead sports [23]. Also limited information related to the effect of shoulder injury prevention measures was found [24]. In this line, prevention strategies need to be implemented and coordinated with upper extremity evaluation and screening [25].



Furthermore, it has been shown that encouraging shoulder stability and mobility are fundamental training contents to prevent postural changes related to muscular imbalance. For these reasons, an intervention program would be useful for SP prevention in WB players. In this regard, many studies have been developed to analyze wheelchair users [26,27,28,29,30]. However, it is relevant to address that no research, to our knowledge, has been carried out that deals with the impact of an exercise program for elite WB players.



Previous studies [28,29] report the effectiveness of exercise protocols to reduce SP in wheelchair users, these researches included wheelchair athletes, however, they were not specific to WB players. Only one study focused on the evaluation of shoulder injury in collegiate WB players, explaining the influence of an exercise program on shoulder internal/external rotation [31]. Both the biomechanical assessment and the training program proved to be well perceived by junior WB athletes in training conditions [32]. In this regard, a shoulder maintenance program focused on adductors, external rotator and scapular retractors is important to keep shoulder muscles well-balanced in wheelchair athletes [27,33]. However, we did not find any research dealing with the application of a shoulder exercise program in WB players in preparation for an international competition. This information is important for physiotherapists and coaches in order to develop specific training programs for players’ shoulder health assessment and screening. Also, it is relevant to consider the role of sport participation on the shoulders of wheelchair users, as it could assist in the development of a preventive exercise program [34].



The aim of the present study was to assess whether a 10 week shoulder home-based exercise program (SHEP), focused on SP and range of motion (ROM), could improve and maintain shoulder function in a group of elite WB players in their preparation for major competitions.




2. Method


2.1. Study Design


The present study was a non-randomized clinical trial [35]. After baseline evaluation, participants were assigned, using a mixed-paired design, to either the exercise group (EG) or the control group (CG), taking into consideration two previous criteria, wheelchair use and SP. As such, each player was assigned to one paired group according to wheelchair use during daily activities and whether or not they had SP. For example, one player who uses a wheelchair for daily activities and one player who uses a wheelchair only for sports activity, with SP or without SP, were in each group. The procedure was performed by a researcher not engaged in the project, who assigned each participant according to previous criteria. The participants were either allocated to an intervention group, performing a resistance and stretching shoulder exercise program (n = 12), or a comparison group receiving the standard recommendation (n = 14) (Figure 1).



Assessments were performed at baseline and after 10 weeks. An ad hoc questionnaire was used to assess what kind of activities players carried out during the study. The physiotherapist responsible for the testing was blinded to the participants’ assignment, and players were told not to disclose their group. Data collection was performed throughout the training process in coordination with the teams’ technical staff. Participants were instructed to perform all exercises without taking any notice of their shoulder symptoms.



The study was conducted in accordance with the Declaration of Helsinki [36], and was approved by the Ethical Committee of the university. Also, the study was registered in Clinical Trial.gov (NC T02842008).




2.2. Participants


Thirty-six WB players, with a mean age of 26 years (SD 7.6, range 15–45, 15 males and 21 females), were recruited as a convenience sample from the pre-selection squad team of the national WB teams. The inclusion criteria for the participants were, that they were part of either the male or female pre-selection of the WB national teams, and that they possessed an official sport license at the time of the study. Also, participants were required to have used a wheelchair for at least one year before the study and to have at least one year of experience in competition. Moreover, for players using a wheelchair for daily activities, further inclusion criteria were, to use the wheelchair for at least three hours per day and perform at least six hours of WB practice per week. For players using the wheelchair only for WB practice, the additional criterion was to use the wheelchair for at least 6 h of wheelchair basketball training per week. Exclusion criteria for study participation were, presenting a history of acute injuries, shoulder dislocation and differential diagnoses in the year before the study. All participants signed informed consent. Parents were informed in cases where a participant was less than 18 years old. The study was developed over the four months before major competitions for both the female team (2016 Atri European Championship B, Italy) and the male team (2016 Rio de Janeiro, Paralympic Games, Brazil), in close collaboration with both national teams’ technical staff. WB players were identified and invited to participate in the study (Figure 1).




2.3. Intervention


The WB players allocated to the intervention group followed a detailed protocol including strengthening and stretching exercises in the upper extremities [26,27,28,29,30], along with general recommendations. In order to assure the quality and consistency of the SHEP, a qualitative analysis was developed based on the expert opinions of health and sport professionals, including a rehabilitation physician, a sport physician, physiotherapists and coaches [37].



Based on the information and evidence available in the previous literature, a SHEP (S1 in Supplementary Materials) was developed which focused on the prevention of shoulder injuries in WB players. The structure and content validity of this program were demonstrated [37] in previous studies [26,27,28]. The proposed program (S1 in Supplementary Materials) included:




	
Warm-up exercises performed bilaterally in sagittal, coronal and transverse planes (eight repetitions of each).



	
Five strengthening exercises performed for the serratus anterior, scapula retraction and depression, and shoulder rotation and adduction (three sets of ten repetitions, with 45 s of rest between sets). There was 10–15 s of rest between the stretches.



	
Five stretching exercises performed for the trapezius superior, medial and inferior portion, posterior shoulder, pectoral and biceps brachial muscles (five repetitions of each, holding each stretch for 20 s, with rest for 15 s).








The warm-up, strengthening and stretching exercises were developed based on previous literature [26,27,28,29] and clinical experience. In this respect, an exercise program should include strength exercises for shoulder griddle stabilization muscles and strength optimization of the muscles used for pulling and pushing the wheelchair’s hand-rim.



The 10 week intervention program involved performing exercises three times per week at home, amounting to 36 sessions in total. The daily activities performed and adherence to the exercise program were assessed for each participant in each group every fourth week during the intervention period. To familiarize the players with the exercise program, a physiotherapist explained the exercise program after the first evaluation.



The intervention program instructed participants to perform each session of exercise for 30 min. For a complementary description, see S1 in the Supplementary Materials. The exercise program was performed by each participant at home. All exercises were performed in a seated position.



A hands-on instruction program was provided. Both the EG and the CG received a general protocol of postural recommendations (S2 in Supplementary Materials) as a standard care instrument. The research team provided support to all the participants in the EG and the CG via email throughout the study.




2.4. Outcome Measures


Outcomes were assessed before and after the 10 week intervention period in both the EG and the CG. The shoulder pain index for the wheelchair basketball players (SPI-WB) questionnaire was used to assess SP [38]. This index was based on the Wheelchair Shoulder Pain Index developed by Curtis et al. [3,4] and was found to be valid and reliable with a Cronbach score ∞ = 0.899, and a significant intraclass correlation coefficient (ICC) of r = 0.976. The questionnaire contained demographic data including an athlete’s lifestyle, fifteen items related to shoulder dysfunction and six items related to the respondent’s years of experience in WB, time since SP onset, SP location, numbness or cramps. Items related to pain during ADL (15 items) were also included, to distinguish between players who use the wheelchair for ADL (five specific items) and players who use the wheelchair only for sports activities (10 items). Also, four items related to SP perception when performing specific WB skills, including shooting, pushing the hand-rims, rebounding or one-handed long passes, and other game situations were included [13].



In addition, before and after the intervention, clinical tests were performed by a specific physiotherapist to diagnose orthopedic shoulder injuries. Neer’s sign and Hawkins–Kennedy tests were used to determine subacromial impingement [39,40]; these clinical diagnostic tests are commonly performed in clinical practice [41,42]. The Jobe test was also used to evaluate the integrity of the supraspinatus muscle and tendon [43,44], this being a simple technique that can improve the clinical diagnosis of rotator cuff tears [45]. In this line, the clinical test could provide support for a comprehensive clinical examination, being a starting point for clinical diagnosis of shoulder injuries. Finally, a single experienced clinician measured shoulder mobility (flexion, extension, abduction, external and internal rotation) using a medium plastic goniometer [46,47]. A single experienced clinician stabilized the shoulder ROM. For standardized goniometric measurements, intra- and inter-rater reliability was used prior to the study. A previous study determined the intra-rater (ICC from 0.60 to 0.95) and inter-rater reliability (ICC = 0.74) of the ROM assessment in a similar population [46].




2.5. Statistical Analysis


For descriptive statistics, data were checked for normality by exploring z-values for skewness and kurtosis, histograms, q-q plots, box plots and the results of the Shapiro–Wilks test for the EG and CG separately. For continuous variables, mean and standard deviation (SD) were determined, while for categorical variables, frequency and percentage (%) were used. T-tests, or their non-parametric equivalent for continuous data, or chi-square tests for categorical data, were used to compare the EG and the CG at baseline. The normality of the outcome variables (from baseline to 10 weeks) for the two groups was also checked by visual inspection of their histograms, q-q plots and box plots. Z-values of skewness and kurtosis as well as a Shapiro–Wilks test were carried out on the change scores as well. The data were assessed as not normally distributed, so Wilcoxon rank-sum tests were used to determine if there were differences between pre–post scores for each group. Also, a Mann–Whitney U test was used to determine if there were significant differences in change scores of the outcome variables between the two groups. In addition, a Spearman’s rank correlation test was calculated as a measure of effect size [48,49]. An r-value higher than 0.1, 0.3 or 0.5 was considered as a small, medium or large effect size, respectively [50]. Statistical analyses were performed with IBM SPSS Statistics 24.0 (IBM Corporation Armonk, New York, NY, USA) and p ≤ 0.05 was accepted as being significant.





3. Results


Eligible participants were recruited in the context of preparation for international competitions. Demographic characteristics of all the exercise and control groups’ participants at baseline are presented in Table 1. There were significant differences for the type of disability, level of injury, dominant side, SP and time of SP in the demographic characteristics at baseline.



Of the 18 WB players in the EG, only 12 were included in the SHEP intervention (seven males and five females). Two participants withdrew for personal reasons and did not complete the 10 weeks of the exercise program. Also, two participants started the program two weeks later. The remaining two participants were lost before the follow-up because they did not participate in the last evaluation session. At the fourth and eighth week, 58.3% of this sample showed adherence to the SHEP. In the CG, 14 participants were included (six males and eight females), four participants were lost before the follow-up from the clinical trial because they did not come to the final evaluation.



Regarding SP scores, in the EG, before the intervention, five (27.8%) players already presented SP and stayed unchanged after the intervention. In the CG, seven (41.2%) players showed SP at baseline; however, 11 (78.6%) players reported SP after 10 weeks.



In the analysis of the SPI-WB scores from pre- and post-tests, in both the EG and the CG, the SP score did not significantly change from baseline to post-intervention (p = 0.401 and p = 0.583, respectively). In relation to SP analysis between groups, there were no significant differences in changes between the EG and the CG after 10 weeks of intervention (Z = 0.840, p > 0.05, r = 0.743) (Table 2).



According to the clinical test, of the 12 participants in the EG, seven (58.3%) reported SP according to an impingement test detecting specific shoulder injuries before the intervention; however, two of them (16.7%) reported SP after the intervention. With respect to the CG, seven (50.0%) reported SP according to the clinical test detecting specific shoulder injuries before the intervention; however, six (42.9%) reported SP after the intervention.



For shoulder extension ROM, there were significant differences from baseline to 10 weeks in the EG (Z = 2.81, p ≤ 0.05, r = 0.249), decreasing 10° (SD 12) in extension, while in the CG a decrease of 5° (SD 11) was observed. There were no significant changes (p ≥ 0.05) after the intervention period in either group for flexion, abduction, internal and external rotation, with effect sizes varying from r = 0.596 to r = 0.960.




4. Discussion


The purpose of this study was to assess the effects of a 10 week SHEP on SP and ROM, to improve and maintain shoulder condition in world-class level WB players in the context of preparation for major competitions, such as the 2016 Atri (Italy) European WB Championship B for female teams and the 2016 Rio de Janeiro (Brazil) Paralympic Games for male teams. After SHEP intervention, WB players in the EG reported a reduction of SP according to SPI-WB scores; however, this change was not statistically significant. This finding is contrary to previous studies [26,27,28] that documented a significant change in wheelchair users after exercise intervention. However, these studies were not focused on maintaining the shoulder condition of elite WB athletes in an exigent training process. In relation to ROM, in general, participant players in the EG preserved their shoulder ROM after intervention, except for shoulder extension, where there was a reduction in ROM (Z = 2.81, p ≤ 0.05, r = 0.249). For the CG, there were no significant differences observed after the intervention, nor between groups.



In this study, SP did not significantly change after the intervention. A reason that might explain this finding could be the proportion of participants that reported SP before the SHEP intervention, of the total sample, seven players already presented SP. The difference between athletic and nonathletic populations may influence the results in different studies investigating SP. This could probably be because wheelchair athletes developed shoulder overload when performing sport movements during training sessions and competition, as well as during SHEP sessions [16,17]. Related to groups, there were no statistical differences between the EG and the CG for SP, in line with previous studies [26]. However, some studies showed significant differences in changes between groups related to SP in wheelchair users [27,29].



According to the results of clinical tests in our study, in the EG, seven players reported SP before the intervention; however, only two of them reported SP after the intervention. This could suggest an influence of the program in the reduction of the SP. On the other hand, in the CG, seven of the players showed positive clinical tests before the intervention; however, six reported SP after the intervention. In this regard, in the control group, there was a change in the incidence of SP.



Regarding ROM, no changes were found between groups (except for shoulder extension) after the intervention. In accordance with this, one study that determined the influence of an exercise program on shoulder ROM, specifically internal/external rotation in a specific sample of WB players, reported an association between more shoulder ROM and less SP in a pre–post test [31]. However, in our study, the participants maintained shoulder ROM, while extension ROM decreased after the exercise program. The tendency to maintain shoulder internal rotation and abduction ROM values was detected; this movement had a strong relationship with WB skills such as shooting and wheelchair propulsion.



It is relevant to emphasize that the SHEP focuses on shoulder condition maintenance, not on SP treatment for the characteristics of the population and the context of the data collection. This could be an important issue when comparing our results with previous studies [27,28,30]. In contrast with previous research [23,31,51], this study shows that a SHEP seems appropriate to prevent the development of SP and re-injury. In accordance with this, a study by García-Gómez et al. [37] reported evidence for the adequate structure and content validity of a SHEP according to expert opinions. The exercise program included special attention to front chest musculature and the back of the shoulder joint, which is often tight when the wheelchair user has a limited inward rotation of the shoulder [52].



Recently, literature reported that shoulder exercise programs may decrease SP and improve functionality in wheelchair users [52,53,54,55]. Furthermore, it has been shown that the results of these programs report that encouraging shoulder stability and mobility is fundamental to prevent postural changes and muscular imbalance. In this regard, periodization training for elite athletes with disabilities should include strength and flexibility exercises [56]. It is necessary to include an appropriate type of exercise with parameters of intensity (from 40 to 90 percent), frequency (two to three sets of 8–12 repetitions) and number of sessions per week (between two and four days per week, over a period of four to six months) [57,58]. According to previous authors, an exercise program should include a warm-up phase, resistance training, and stretching positions. Holding stretches for 15–30 s was suggested for flexibility training at shoulder level [26,27,28]. The SHEP periodization is useful to maintain ROM along the training period, which seems highly necessary when dealing with WB players that train for at least three hours a day. In this sense, there were no differences in total amounts of training time between players.



Some of the limitations related to this SHEP application were that a non-randomized allocation was performed. The analysis and interpretation of these findings should therefore be done with caution due to the small sample size. Participants included only a specific group of elite WB players who were in preparation for major competitions. On the other hand, this study may have been biased because the same tester who performed the follow-up also collected the data. However, at the time of post intervention evaluation, the tester did not have access to the data, similar to the methodology developed by Van Straaten et al. [27] and Mulroy et al. [28]. After the intervention, WB players were free of injury, even after such an exigent preparation process, this being a key fact to enable them to perform at top-class international competitions.



Taking into consideration the fact that wheelchair basketball is an adapted sport, it implies a high level of effort [59] and the players practice for many hours to improve their skills. Importantly, an emphasis on proper wheelchair positioning and biomechanics is likely to reduce the risk of musculoskeletal injuries [60].



The data of this study reveal several practical applications. First, WB players seem to require regular shoulder evaluations and exercise recommendation strategies to stabilize the shoulder joint and promote health in an adequate way to perform ADLs and sports activities. This study suggests that WB players require a follow-up in order to supervise their shoulder condition. Secondly, a SHEP intervention to maintain shoulder function should focus on flexibility and balance of the shoulder muscles. Finally, the multidisciplinary team should emphasize their actions that maintain shoulder condition, and the team needs to be coordinated to implement this kind of approach, which could be applied to both athletes and non-athletes with physical disabilities. Our study provides the scientific community with a maintenance strategy for this specific population of elite WB players to preserve shoulder function in a training period when preparing for a major competition.




5. Conclusions


The tested SHEP appears to be useful for maintaining shoulder conditions of WB players throughout their sport training regimes when preparing for elite WB competitions, such as the Paralympic Games. In a group of WB players who received a 10 week SHEP, the changes in SP and ROM were not significantly different from the changes observed in the CG that did not receive the intervention. For both groups, no increase in SP nor shoulder injuries was observed, so the functionality and the health of the shoulder were preserved. Further research is needed to determine the effectiveness of the SHEP in a larger sample, and also to orientate future steps to develop technological innovations and include prevention programs in the players’ preparation.
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