
 

 

Determining an effective method for preventing shoulder pain induced by wheelchair 1 

basketball. 2 

 3 

Abstract : Introduction : Wheelchair basketball is played on the same court and follows the 4 

same rules as basketball, except that players use wheelchairs for mobility. Like all physical 5 

activities and sports, it can cause injuries and health problems. Objective : The aim of our 6 

study was to evaluate the effectiveness of three (3) prevention methods for shoulder pain in 7 

wheelchair basketball players through a protocol combining several means. Methods: The 8 

intervention involved 35 players divided into 3 groups: a control group (CG) where muscle 9 

strengthening (MS) sessions were administered 3 times per week, an experimental group 10 

(GE2) which, in addition to the 3 MS sessions, benefited from a transcutaneous electrical 11 

nerve stimulation (TENS) program at the end of each session, and a third experimental group 12 

(GE3) which, in addition to the 3 MS sessions, had a cryotherapy session at the end of the 13 

sessions. Results: The muscle strengthening programs combined with electrical stimulation or 14 

cryotherapy showed significant effectiveness in preventing shoulder pain in participants with 15 

a significant difference (with p = 0.026 and p = 0.007 respectively). Conclusion : These 16 

programs can be integrated into training planning for effective prevention of shoulder pain. 17 
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Introduction 19 

Sports participation for people with disabilities is of major importance as it is one of the main 20 

pillars for maintaining physical and mental well-being. Disability sports are thus a means for 21 

people with disabilities to assert themselves in sports. Wheelchair basketball is the most 22 

widely practiced team sport worldwide and in Burkina Faso. Like all sports, practicing 23 

wheelchair basketball can lead to injuries and musculoskeletal pain in the upper limbs, which 24 

are subjected to overuse [1,2]. However, practicing wheelchair basketball requires a suitable 25 

environment and good physical condition for wheelchair maneuverability and gameplay. 26 

Since the upper limbs play both a propulsive and a gestural role, the shoulder, being the most 27 

solicited joint, is prone to overuse. In Burkina Faso, the frequency of shoulder pain is high 28 

(70.6%) [3]. The main risk factors were the participants' age, number of years of experience, 29 

profession, physical capacity, and the quality of wheelchairs and training grounds [3]. 30 

Additionally, the overuse of the wheelchair athlete's shoulder makes this joint vulnerable. The 31 



 

 

injuries associated with shoulder pain identified in wheelchair basketball players are 32 

tendinous lesions (72%) [3]. These lesions affected the tendons of the rotator cuff muscles 33 

and the long biceps tendon. The identification of these lesions using ultrasound allowed for 34 

individualized and collective management of wheelchair basketball players. The aim of this 35 

study was to evaluate the effectiveness of three (3) methods of preventing shoulder pain in 36 

wheelchair basketball players through a protocol combining several means. 37 

Materials and Methods 38 

1. Setting and study design 39 

This was an intervention study. It took place on the training grounds of the Burkina Faso 40 

Association for Adapted Sports (ABUSA) and Handicap Solidaire in Ouagadougou and 41 

Kassibana in Bobo-Dioulasso for the experiments. The Physical Medicine Department of the 42 

University Hospital Center of Bogodogo (CHU-B) (Burkina Faso) contributed to the study in 43 

terms of equipment and human resources for physiotherapy. The Teaching and Research Unit 44 

of Deficiencies, Adapted Physical Activities and Rehabilitation of the National Institute of 45 

Youth, Physical Education and Sports (INJEPS) of the University of Abomey-Calavi (UER: 46 

DAPAR/INJEPS/UAC) in Benin served as a framework for data analysis and processing. 47 

2. Study population and sample 48 

2.1Study population 49 

The study population consisted of players from ABUSA and Handicap Solidaire in 50 

Ouagadougou and players from Kassibana in Bobo-Dioulasso, given the regularity of their 51 

training sessions and their participation in national championships. These three sports 52 

associations are equipped with locally designed basketball wheelchairs and their training 53 

grounds did not present any obstacles to the practice of wheelchair basketball. All wheelchairs 54 

used came from the workshop of the association Fauteuils Roulants au Sud (FRS) active in 55 

Burkina Faso.  56 

2.2 Study sample The sample (n = 35) for the study was composed of players with or without 57 

shoulder pain from the 3 wheelchair basketball sports associations. However, participants had 58 

to meet the following criteria: Inclusion criteria 59 



 

 

 Have a license affiliated with the Paralympic Committee; 60 

 Be male. Exclusion criteria 61 

 Not have participated in at least one week of training. All players from each team 62 

participated adequately in the experiment without distinction. The inclusion and 63 

exclusion criteria were taken into account during data processing. 64 

3. Materials and techniques 65 

For data collection, the following instruments were used: 66 

 Data collection sheets to record the individual data of the players; 67 

 A self-administered questionnaire of the shoulder pain scale for wheelchair basketball 68 

players; 69 

 A graduated ruler from 0 to 10 cm for assessing pain intensity on a visual analog scale 70 

(VAS); 71 

 A 4-channel Globus stimulator for transcutaneous stimulation. Stimulation conditions: 72 

Participants remained seated in their wheelchairs. The 3 sessions were placed 73 

immediately after training. At least 4 electrodes were placed on the pain sites 74 

following the model indicated on the electrostimulator notice. Also, a pen for finding 75 

the motor points of the muscles concerned was used to optimize the contraction 76 

produced and minimize discomfort [4,5]. The electrodes used were 5 cm x 5 cm (small 77 

electrodes) and 8 cm x 5 cm (large electrodes). For electrode placement, the targeted 78 

muscles were the deltoid, trapezius, and pectorals (Photo 10). The GLOBUS Elite 79 

endorphin TENS program was used. Depending on the sensitivity of the participants, 80 

the current intensity varied from 10 to 12 mA. The duration of the stimulation sessions 81 

was 40 minutes. 82 

 Alcohol and cotton wool, to clean the skin and promote good electrical conductivity; 83 

 An infrared lamp of the Beurer brand to warm up and relax the stimulated areas; 84 

 Ice cubes and towels for cryotherapy sessions. For cryotherapy sessions, participants 85 

were seated in their wheelchairs. Ice cubes wrapped in a wet towel were placed on the 86 

painful site of the shoulder for 15 minutes [6]. 87 

 Elastic bands and dumbbells (3kg) for the muscle strengthening program. 88 

4. Experimental protocol 89 



 

 

The participants were divided into 3 experimental groups to assess and compare the 90 

intensity of shoulder pain and physical capacity (aerobic capacity, speed, and upper limb 91 

strength) according to the training modalities for a period of 8 weeks. During this period, 92 

the effects of a designed stretching and muscle strengthening program, electrostimulation, 93 

and cryotherapy were evaluated.  94 

 Program 1 : Control Group (CG) 95 

This program consisted of a 15-minute warm-up, ten (10) laps of the basketball 96 

court, followed by 5 minutes of global stretching. Then, participants performed 97 

ten (10) muscle strengthening exercises, including 5 exercises with dumbbells 98 

and 5 exercises with elastic bands for about 30 minutes. Finally, participants 99 

did 15 minutes of specific basketball exercises and played 2 x 20 minutes of 100 

matches and 5 minutes of relaxation. 101 

 Program 2 : Experimental Group 1 (EG1) 102 

This group followed Program 1 and additionally received an electrostimulation 103 

session 3 times per week, immediately after the training session. Each session 104 

included a 40-minute electrostimulation phase followed by infrared relaxation 105 

and a 5-minute light massage [7]. For electrostimulation, the TENS analgesic 106 

program was used for pain management. Depending on the sensitivity of the 107 

participants, the current intensity varied from 10 to 12 mA.  108 

 Program 3 : Experimental Group 2 (EG2) 109 

This group followed Program 1 and additionally received a cryotherapy 110 

session at the end of each training session : (local application of ice). For 111 

cryotherapy sessions, ice cubes were wrapped in a wet towel and placed on the 112 

painful part of the shoulder for 20 minutes. During the session, participants 113 

were seated in their wheelchairs.  114 

An initial evaluation was conducted at the beginning (Ti) and a final evaluation (Tf) at the end 115 

of the 8 weeks. These programs were experimented with at the beginning of the sports season 116 

in the physical preparation phase of the athletes. 117 



 

 

5. Study Variables 118 

 Dependent variables : 119 

o Pain intensity: Visual Analog Scale (VAS) 120 

o Physical capacity: Endurance, strength, speed 121 

 Independent variables : 122 

o Type of physiotherapy programs : muscle strengthening program, muscle 123 

strengthening program plus electrostimulation, muscle strengthening program 124 

plus cryotherapy. 125 

6. Statistical Analysis 126 

Data was entered into Excel (Microsoft Office Excel 2010). Statistical analyses were 127 

performed using SPSS software (version 25). Comparisons of means were conducted. The 128 

Wilcoxon signed-rank test and the Kruskal-Wallis test for independent samples were used to 129 

test the hypothesis of equality of means. Significance was set at p < 0.05. 130 

7. Ethical Considerations 131 

Before the start of this study, authorization from the national ethics committee for health 132 

research in Burkina Faso was obtained. Administrative authorizations were obtained from the 133 

heads of sports organizations (federations and sports associations concerned). Before 134 

participating in this study, all participants gave their written consent after a detailed written 135 

and oral explanation of the benefits and constraints associated with participating in this study, 136 

in accordance with the recommendations of the 2013 Declaration of Helsinki [8]. Participants 137 

had the option to withdraw from the study at any time. The study was placed under the 138 

supervision of the Physical Medicine Department of the University Hospital Center of 139 

Bogodogo (CHU-B) in Burkina Faso and the deontological rules of this institution were 140 

respected. 141 

Results 142 

1.General characteristics of participants 143 

Participants had a mean age of 36.2 ± 5.6 years with 10.8 ± 5.9 years of experience in 144 

wheelchair basketball. In general, they were people living with the sequelae of poliomyelitis 145 



 

 

with a mean body mass of 60.5 ± 10.4 kg and a mean sitting height of 80.5 ± 4.5 cm. The 146 

general characteristics of the participants are shown in Table I. 147 

 148 

 149 

Table I : General characteristics of participants 150 

 Min Max m S 

 N=35 

Age (years) 25 49 36,2 5,6 

Nb_Yr_exp (years) 5 23 10,8 5,9 

M_corp (kg) 42 93 60,5 10,4 

S_H (cm) 74 94 80,7 4,6 

N: sample size; Min: minimum; Max: maximum; m: mean; s: standard deviation; Nb_Yr_exp: 

number of years of experience; M_corp: body mass; S_H: seated height 

 151 

2.1. Effect of the control program 152 

The control group benefited from a muscle strengthening program only, administered 3 153 

training sessions per week. The comparison of initial and final measurements of pain intensity 154 

and physical capacity was made using the Wilcoxon signed-rank test. The results showed a 155 

significant difference in speed and shoulder pain intensity (p=0.027 and p=0.041 156 

respectively). Table II shows the results of the comparison of initial and final measurements 157 

for the control group.  158 

Table II : Comparison of initial and final measurements of the control group 159 

 MI MF ∆ %Amél. Sig. (bilat) 

 m ± s ; n= 12   

Mov_ speed (s) 5,6 ± 0,6 5,41 ± 0,5 0,20* ± 0,08 3,6 0,027 

Yoyo_Test(m) 550,8 ± 139,2 613,33 ± 211,54 62,50 ± 47,4 11,3 0,288 

Pass_ max (m)  15,5 ± 2,1 13,04 ± 1,97 0,29 ± 0,5 2,3 0,170 

Int_sh_ pain (cm) 3,9 ± 0,99 2,67 ± 2,18 0,75* ± 0,5 31,9 0,041 



 

 

MI: initial measurement; MF: final measurement; ∆: mean; s: standard deviation; %Improved: percentage of 

improvement = (Intensity2 – Intensity1) x100 / Intensity1; Sig.: significance; n: number of group 2; Mov_ speed 

(s) : Movement speed in seconds ; Yoyo test: Yoyo test distance in meters; Max_pass: maximum pass distance in 

meters; Int_sh_ pain (cm): Intensity of shoulder pain in centimeters. Significance P = 0.05 

 160 

 161 

2.2. Effect of Program 2 : muscle strengthening + electrostimulation 162 

In the experimental group 2, two programs were administered: a muscle strengthening 163 

program and an electrostimulation program. The comparison of measurements before and 164 

after the intervention showed significant differences for speed (p=0.036) and shoulder pain 165 

intensity (p=0.004).  166 

Table III : Comparison of initial and final measurements of experimental group 2 167 

 MI MF ∆ %Improv. Sig. 

  m ± s ; n= 11    

Mov_ speed (s) 5,2 ± 0,5 5,00 ± 0,4 0,22*± 0,09 4,2 0,036 

Yoyo_Test(m) 888,2 ± 222,3 859,1 ± 29,4 -29,1 ± 52,2 -3,3 0,722 

Pass_ max (m)  12,2 ±2,5 12,5 ± 2,9 0,29 ± 0,26 2,4 0,475 

Int_sh_ pain (cm) 5,0 ± 1,34 3,1 ±1,37 1,91* ± 0,28 38,2 0,004 

MI: initial measurement; MF: final measurement; ∆: mean; s: standard deviation; %Improved: percentage of 

improvement = (Intensity2 – Intensity1) x100 / Intensity1; Sig.: significance; n: number of group 2; Mov_ speed 

(s) : Movement speed in seconds ; Yoyo test: Yoyo test distance in meters; Max_pass: maximum pass distance in 

meters; Int_sh_ pain (cm): Intensity of shoulder pain in centimeters. Significance P = 0.05 

2.3. Effect of Program 3 : muscle strengthening + cryotherapy 168 

The experimental group 3 benefited from a muscle strengthening program and cryotherapy. 169 

The comparison of the two measurements showed a significant difference only in shoulder 170 

pain intensity (p=0.002). Table IV give this comparison. 171 

 172 
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Table IV : Comparison of initial and final measurements of experimental group 3 178 

  MI MF ∆ %Improv. Sig. 

 m ± s ; n= 12   

Mov_ speed (s) 5,9 ± 0,42 5,5 ± 0,4 0,17 ± 0,08 2,9 0,052 

Yoyo_Test(m) 666,7 ± 198,0 733,3 ± 249,9 66,67 ± 50,80 10 0,169 

Pass_ max (m)  11,3 ± 1,5 11,8 ± 1,6 0,43 ± 0,21 3,8 0,054 

Int_sh_ pain (cm) 4,8 ± 1,8 2,58 ± 2,1 2,17* ± 0,24 45,7 0,002 

MI: initial measurement; MF: final measurement; ∆: mean; s: standard deviation; %Improved: percentage of 

improvement = (Intensity2 – Intensity1) x100 / Intensity1; Sig.: significance; n: number of group 2; Mov_ speed (s) : 

Movement speed in seconds ; Yoyo test: Yoyo test distance in meters; Max_pass: maximum pass distance in meters; 

Int_sh_ pain (cm): Intensity of shoulder pain in centimeters. Significance P = 0.05 

2.4. Comparison of the three intervention programs 179 

The three programs to be evaluated were: program 1 (muscle strengthening), program 2 180 

(muscle strengthening + electrostimulation) and program 3 (muscle strengthening + 181 

cryotherapy). The independent samples test was used for comparisons. The Kruskal-Wallis 182 

test for independent samples for the hypothesis of equality of means showed a significant 183 

difference in the decrease of shoulder pain intensity (p = 0.013). The figure below shows the 184 

results of this comparison. 185 



 

 

 186 

Figure : Comparison of the three intervention programs 187 

2.5. Comparison of the control group program (MS) with the experimental group 2 (MS 188 

+ TENS) 189 

A pairwise comparison of the control group program (MS) with the experimental group 2 190 

(MS + TENS) showed a significant difference in pain intensity at p=0.026. This comparison is 191 

shown in Table V. 192 

Table V : Comparison of the MS and MS+TENS programs 193 

 CG (n= 12) EG2 (n= 11) Sig 

 ∆ (m ± s) 

Mov_ speed (s) -0,20 ± 0,08 -0,22± 0,09 0,934 

Yoyo_Test (m) 62,50 ± 47,42 -29,09 ± 52,21 0,573 

Max_pass (m) 0,29 ± 0,45 0,29 ± 0,26 0,750 

Int_sh_ pain (m) -1,25 ± 0,51 -1,91 ± 0,28 0,026 

CG : control group ; EG : experimental group ; m : mean; s: standard deviationtion; Sig.: significance; 

n: group size; Mov_ speed (s) : Movement speed in seconds ; Yoyo_test: Yoyo test distance in meters; 

Max_pass: maximum pass distance in meters; Int_sh_ pain (cm): Intensity of shoulder pain in 

centimeters. Significance P = 0.05 
 

2.6. Comparison of the control group program (MS) with the experimental group 3 (MS 194 

+ Cryotherapy) 195 

A comparison of the control group program (MS) with the experimental group 3 (MS + 196 

cryotherapy) showed a significant difference in pain intensity at p=0.007. Table VI shows the 197 

comparison of mean values added after the experiment.  198 



 

 

Table VI : Comparison of the MS and MS+Cryotherapy programs 199 

 CG (n= 12)  G E3 (n= 12) Sig 

 ∆ (m ± s)  

Mov_ speed (s) -0,20 ± 0,08  -0,17 ± 0,08 0,934 

Yoyo_Test (m) 62,50 ± 47,42  66,67 ± 50,80 0,573 

Max_pass (m) 0,29 ± 0,45  0,43 ± 0,21 0,750 

Int_sh_ pain (m) -1,25 ± 0,51  -2,17 ± 0,24 0,007 

CG : control group ; EG : experimental group ; m : mean; s: standard deviationtion; Sig.: significance; 

n: group size; Mov_ speed (s) : Movement speed in seconds ; Yoyo_test: Yoyo test distance in meters; 

Max_pass: maximum pass distance in meters; Int_sh_ pain (cm): Intensity of shoulder pain in 

centimeters. Significance P = 0.05 

 

2.7. Comparison of the experimental group 2 program (MS + TENS) with the 200 

experimental group 3 (MS + Cryotherapy) 201 

No significant difference was observed between experimental groups 2 and 3. Table VII 202 

illustrates the results of the comparison.  203 

Table VII : Comparison of the MS+TENS and MS+Cryotherapy programs 204 

  G E2 (n= 11) G E3 (n= 12) Sig 

 ∆ (m ± s)  

Mov_ speed (s)  -0,22± 0,09 -0,17 ± 0,08 0,934 

Yoyo_Test (m)  -29,09 ± 52,21 66,67 ± 50,80 0,573 

Max_pass (m)  0,29 ± 0,26 0,43 ± 0,21 0,750 

Int_sh_ pain (m)  -1,91 ± 0,28 -2,17 ± 0,24 0,54 

EG : experimental group ; m : mean; s: standard deviationtion; Sig.: significance; n: group size; Mov_ 

speed (s) : Movement speed in seconds ; Yoyo_test: Yoyo test distance in meters; Max_pass: 

maximum pass distance in meters; Int_sh_ pain (cm): Intensity of shoulder pain in centimeters. 

Significance P = 0.05 

 205 

Discussion 206 

The mean intensity of shoulder pain was 4.54 on the VAS. This shoulder pain is one of the 207 

limiting factors in the observed performance of physical capacity. Management programs for 208 

wheelchair athletes therefore aim at a dual objective : strengthening the muscles of the upper 209 



 

 

limbs and trunk and protecting the shoulder joint complex, the main joint that ensures 210 

movement. A literature search has supported that strength training can reduce shoulder 211 

complaints in wheelchair athletes [10]. The intervention aims to improve physical capacity 212 

associated with physiotherapy as a means of reducing pain intensity in wheelchair basketball 213 

players. A recent study confirms that chronic shoulder injuries are a major obstacle to the 214 

performance of athletes in water sports and arm sports [11]. 215 

Program 1 (muscle strengthening only) of the control group 1 showed a significant difference 216 

in movement speed and shoulder pain intensity (p=0.027 and p=0.041 respectively). The 217 

significant improvement in movement speed was 3.6% and 31.9% for shoulder pain relief. 218 

The explosive strength of the upper limbs and aerobic capacity did not show significant 219 

results. These results corroborate those of Ozmen et al. [17] who showed that six weeks of 220 

strength training significantly increases sprint performance in wheelchair basketball athletes. 221 

Gremion et al. [18] conclude that muscle strengthening exercises improve the synthesis of 222 

collagen fibers and thus reduce the intensity of pain. Thus, the improvement in the physical 223 

properties of muscle fibers could explain the increase in physical capacity, particularly in the 224 

movement speed of participants. 225 

Previous studies have evaluated muscle strengthening programs for the prevention of shoulder 226 

pain and injuries. A 6-week program showed significant improvements in shoulder range of 227 

motion in swimmers [19]. However, another study evaluated an 18-week program and found 228 

non-significant results in handball players [20], suggesting that improvements in physical 229 

capacity depend on other factors as well. 230 

In wheelchair basketball, studies have evaluated muscle strengthening programs over six 231 

weeks, three times per week. A study that measured shoulder pain intensity and quality of life 232 

in participants (N=6) found no significant improvement [21]. Another study, in a 6-week 233 

stretching and strengthening program, measured the range of motion and strength of internal 234 

and external shoulder rotator muscles (N=7). The results showed a significant improvement in 235 

joint range of motion compared to strength [22]. Saleky et al. [23] recently evaluated the 236 

effect of a 10-week exercise program on shoulder pain and range of motion in elite wheelchair 237 

basketball players. These results showed a significant improvement in shoulder extension and 238 

a non-significant decrease in pain index. A review of literature on the effectiveness of 239 

physiotherapy treatment for subacromial pain states that exercise treatment improves pain 240 

intensity and shoulder function [24]. An 8-week stretching and strengthening program can 241 



 

 

significantly reduce the risk factors for shoulder pain or injury in wheelchair basketball 242 

players. The significant decrease in pain intensity improves sports movements and 243 

consequently the performance of participants. 244 

Regarding experimental program 2, it consists of a combination of muscle strengthening and 245 

electrostimulation. The results of this study, comparing the two measurements (initial and 246 

final), showed a significant difference in speed (p=0.036) in terms of physical capacity, as 247 

well as in shoulder pain intensity (p=0.004). This program improved movement speed and 248 

reduced shoulder pain intensity in participants. A 38.2% improvement in pain relief was 249 

observed. Zhou et al. [25] demonstrated the effectiveness of TENS for pain and mobility in 250 

hemiplegic shoulders. A systematic review synthesizing studies on the effectiveness of 251 

electrotherapy for rotator cuff diseases shows that it has short-term benefits for pain and does 252 

not have adverse effects [26]. This analgesic effect of transcutaneous electrical nerve 253 

stimulation is explained by the production of endorphins, which regulate the endogenous 254 

mechanism of pain perception [27]. Previous studies have shown that transcutaneous 255 

electrical nerve stimulation increases pain threshold and/or pain tolerance [28,29]. These 256 

studies suggest that endorphin production is increased by 22% compared to baseline levels. 257 

These are endogenous substances containing substance P (mediator and modulator of 258 

nociceptive impulses), purines, and opioids (inhibitors), such as endorphins, enkephalins, and 259 

dynorphins (morphine-like substances) that are natural analgesics [30]. 260 

As for the improvement in participants' physical capacity, this study showed a non-significant 261 

improvement in the explosive strength of the dominant arm and a significant increase in 262 

movement speed. Adjenou et al. [31] have proven that electrical stimulation is a means of 263 

developing certain functional characteristics of the muscle in INJS students. Studies have also 264 

shown its analgesic effect in musculoskeletal pain [32–34]. However, its effectiveness 265 

compared to drug therapies or other interventions remains controversial in the literature [35]. 266 

A recent study shows that TENS has a short-term effect in the conservative treatment of 267 

rotator cuff lesions [36]. 268 

Concerning program 3 (muscle strengthening + cryotherapy), the initial and final 269 

measurements showed a significant difference in shoulder pain intensity (p=0.002). The 270 

evaluation of program 3 showed a non-significant improvement in the physical capacity of the 271 

participants. However, the program reduced shoulder pain with a 45.7% relief. The addition 272 

of cryotherapy was effective in relieving shoulder pain in participants. Cryotherapy promotes 273 



 

 

pain reduction and improves recovery by increasing blood flow to the treated area. Our results 274 

corroborate those of Lisinski et al. [37] who reported that cryotherapy is a treatment of choice 275 

for shoulder pain, in a clinical study. A study has shown that cryotherapy or cold therapy is a 276 

conservative treatment for shoulder pain [38]. It is a treatment aimed at maintaining 277 

physiological functions in a satisfactory state when it is not essential to treat the causes of the 278 

disease directly, or when it is no longer possible to do so [39]. 279 

Also, a clinical trial compared cryotherapy and strengthening exercises in patients suffering 280 

from rotator cuff tendinopathy and found no significant difference between the two programs 281 

in terms of strength, range of motion, and pain [6]. A comparative study in baseball athletes 282 

showed that light exercises with ice treatment had a significant effect on shoulder pain 283 

compared to ice treatment alone or light exercises alone [40]. 284 

In general, physiotherapy coupled with muscle strengthening exercises gives better results, 285 

especially in relieving shoulder pain. 286 

When comparing these three intervention programs, Program 1 resulted in a 31.9% 287 

improvement in shoulder pain ; Program 2, 38.2% ; and Program 3, 45.7%. The comparison 288 

of means test showed a significant difference in pain relief among the 3 experimental 289 

protocols (p = 0.013). This indicates that the additive effect of physiotherapy combined with 290 

muscle strengthening significantly contributed to pain relief. Since the primary goal was to 291 

alleviate pain, the addition of physiotherapy (TENS or cryotherapy) was necessary to improve 292 

physical capacity. The analgesic effect of TENS and cryotherapy on pain was observed in the 293 

short term. This short-term effect of physiotherapy can be explained by the production of 294 

endogenous analgesic substances stimulated by the passage of electric current 295 

(electrostimulation) [27] and by the increased blood flow to the treated area (cryotherapy). 296 

Long-term pain control is contingent on muscle strengthening exercises, which improve 297 

muscle quality [18]. 298 

Programs 2 (muscle strengthening + TENS) and 3 (muscle strengthening + cryotherapy) 299 

demonstrated their effectiveness in relieving shoulder pain in participants. Pain control is 300 

important in a training program, as it facilitates improvements in physical capacity. Improved 301 

physical capacity contributes to achieving performance goals, which is beneficial for athlete 302 

preparation. Program 3 would be more advantageous because, in addition to pain relief, 303 

cryotherapy promotes physical recovery by improving muscle oxygenation and reducing the 304 



 

 

onset of muscle soreness. Dupuis et al. [6] have shown that cryotherapy improves pain 305 

symptoms and shoulder function in the management of rotator cuff tendinopathy. This offers 306 

an advantage during competition periods. 307 

Therefore, Program 3 can be incorporated into training cycles to prevent pain in wheelchair 308 

basketball players in Burkina Faso. This choice is motivated by the program's easier adoption 309 

by athletes as it is accessible to all. 310 

Limitations of the study 311 

The limited sample size also did not make it possible to evaluate the effect of a program 312 

combining muscle strengthening, TENS and cryotherapy which could make it possible to 313 

appreciate the different programs even more. 314 

 315 

Conclusion 316 

This experimental study evaluated three programs for preventing shoulder pain in wheelchair 317 

basketball players in Burkina Faso. These programs showed varying degrees of effectiveness 318 

in the experimental groups, offering opportunities for their integration into training programs 319 

to improve physical capacity and prevent secondary shoulder pain in participants. 320 

 321 

Références 322 

1.  Druvert JC, Pailler D. Shoulder pain in wheelchair athletes. Med Phys et Réhab. 323 

2012;55(07):249. 324 

2.  Soo Hoo J. Shoulder Pain and the Weight-bearing Shoulder in the Wheelchair Athlete. 325 

Sports Med Arthrosc Rev. 2019;27(2):42‑7.  326 

3.  Ouedraogo D, Aze O, Tiaho Y, Akplogan B, Sitou R, Ahounou J. Risk Factors for 327 

Shoulder Pain in the Practice of Wheelchair Basketball in Burkina Faso. 2022;15(1):5.  328 

4.  Vivodtzev d’I., Galera O. Electrostimulation: materials and procedures. Rev Mal 329 

Respirat Actu. 1 Sept 2012;4(4):304‑6.  330 



 

 

5.  Akplogan B. Pelvic limb motor points: Anatomical-physiological study and 331 

application to the rehabilitation of lower limb trauma [Internet] [Thesis]. Clermont-Ferrand 2; 332 

2000 [cited 29 Apr 2022]. Available at: http://www.theses.fr/2000CLF20036 333 

6.  Dupuis F, Barrett E, Dubé M, McCreesh K, Lewis J, Roy J. Cryotherapy or gradual 334 

reloading exercises in acute presentations of rotator cuff tendinopathy: a randomised 335 

controlled trial. BMJ open sport  exerc med [Internet]. 2018 [cité 23 avr 2022];4(1). 336 

Disponible sur: https://pubmed.ncbi.nlm.nih.gov/30622733/ 337 

7.  Alegbeh ES, Akplogan B, Hounmenou MA, Adjenou KV, Aze O, Azondekon A, et al. 338 

Les Troubles Musculosquelettiques (Tms) En Milieu Portuaire : Cas Des Dockers 339 

Professionnels Du Port Autonome De Lomé (Pal). J Rech Sci Univ Lomé. 2014;16(1):25‑35.  340 

8.  Poisson D. Declaration of Helsinki. What's new? Laennec. 2002;Volume 50(1):44-52. 341 

9.  Classification [Internet]. IWBF - International Wheelchair Basketball Federation. 2018 342 

[cité 6 avr 2022]. Disponible sur: https://iwbf.org/the-game/classification/ 343 

10.  Heyward OW, Vegter RJK, de Groot S, van der Woude LHV. Shoulder complaints in 344 

wheelchair athletes: A systematic review. PLoS ONE. 2017;12(11):1‑20.  345 

11.  Gaudet S. Laboratory and field assessment towards the prevention of shoulder injuries 346 

in aquatic and arm-arm athletes [Internet] [Thesis]. [Montreal]: University of Montreal; 2019 347 

[cited 7 Dec 2020]. Available at: 348 

https://papyrus.bib.umontreal.ca/xmlui/handle/1866/2180512.  Escamilla RF, Yamashiro 349 

K, Paulos L, Andrews JR. Shoulder muscle activity and function in common shoulder 350 

rehabilitation exercises. Sports Med. 2009;39(8):663‑85.  351 

13.  Guay M. Functional anatomy of the musculoskeletal system [Internet]. PUM. 352 

Amanzon France; 2005 [cited 14 Apr 2022]. 351 p. Available at: 353 

https://books.google.com/books/about/Anatomie 354 

14.  Rusu L, Cosma G, Calina ML, Dragomir MM, Marin M. Evaluation of two muscle 355 

training programs by assessment of the muscle tone. Science & Sports. 2015;30(4):e65‑72.  356 

15.  Savoie A. Effect of a rehabilitation program on the level of pain and disability of 357 

people suffering from rotator cuff tendinopathy [Internet] [Thesis]. [Quebec]: Université 358 

Laval; 2015 [cited 15 Apr 2022]. Available at: 359 

https://corpus.ulaval.ca/jspui/handle/20.500.11794/25914 360 



 

 

16.  Soo Hoo J. Shoulder Pain and the Weight-bearing Shoulder in the Wheelchair Athlete. 361 

Sports Med Arthrosc Rev. 2019;27(2):42‑7.  362 

17.  Ozmen T, Yuktasir B, Yildirim NU, Yalcin B, Willems ME. Explosive strength 363 

training improves speed and agility in wheelchair basketball athletes. Rev Bras Med Esporte. 364 

2014;20:97‑100.  365 

18.  Gremion G, Zufferey P. Tendinopathies in athletes: etiology, diagnosis and treatment. 366 

Rev Med Suisse. 2015;11:596‑601. Id_Fiche=17025061 367 

19.  Hibberd E, Oyama S, Spang J, Prentice W, Myers J. Effect of a 6-week strengthening 368 

program on shoulder and scapular-stabilizer strength and scapular kinematics in division I 369 

collegiate swimmers. J Sport Rehabil [Internet]. 2012 [cité 15 janv 2022];21(3). Disponible 370 

sur: https://pubmed.ncbi.nlm.nih.gov/22387875/ 371 

20.  Fredriksen H, Cools A, Bahr R, Myklebust G. Does an effective shoulder injury 372 

prevention program affect risk factors in handball? A randomized controlled study. Scand J 373 

Med Sci Sports. 2020;30(8):1423‑33.  374 

21.  Plaza CD. Evaluation of the effectiveness of muscle strengthening and stretching on 375 

shoulder pain and quality of life in wheelchair basketball players. 2015 [cited 20 Nov 2019]; 376 

Available at: https://hal.univ-lorraine.fr/hal-01833387 377 

22.  Jérôme W, Elisabeth H. Evaluation of a Shoulder Injury Prevention Program in 378 

Wheelchair Basketball. J Sport Rehabil [Internet]. 2018 [cité 15 janv 2022];27(6). Disponible 379 

sur: https://pubmed.ncbi.nlm.nih.gov/29140190/ 380 

23.  García-Gómez S, Pérez-Tejero J, Hoozemans M, Barakat R. Effect of a Home-based 381 

Exercise Program on Shoulder Pain and Range of Motion in Elite Wheelchair Basketball 382 

Players: A Non-Randomized Controlled Trial. Sports (Basel). 24 juill 2019;7(8):180.  383 

24.  Haik MN, Alburquerque-Sendín F, Moreira RFC, Pires ED, Camargo PR. 384 

Effectiveness of physical therapy treatment of clearly defined subacromial pain: a systematic 385 

review of randomised controlled trials. Br J Sports Med. 2016;50(18):1124‑34.  386 

25.  Zhou M, Li F, Lu W, Wu J, Pei S. Efficiency of Neuromuscular Electrical Stimulation 387 

and Transcutaneous Nerve Stimulation on Hemiplegic Shoulder Pain: A Randomized 388 

Controlled Trial. Arch Phys Med Rehabil. 2018;99(9):1730‑9.  389 



 

 

26.  Matthieu J P, Sally G, Marshall M, Stephen J S, J D, Brodwen M, et al. Electrotherapy 390 

modalities for rotator cuff disease. Coch data systematic rev [Internet]. 6 oct 2016 [cité 22 avr 391 

2022];2016(6). Disponible sur: https://pubmed.ncbi.nlm.nih.gov/27283591/ 392 

27.  Koninck YD. Nerve transmission of pain: endogenous control mechanisms at the 393 

spinal level. M/S Med sciences. 1997;(4):542‑8. 394 

28.  Dousset E. From electromyostimulation to dielectrolysis: fundamental principles and 395 

limits. Kinésithérapie, la Revue. 2013;13(140):13‑20.  396 

29.  Coutaux A. Non-pharmacological treatments for pain relief: TENS and acupuncture. 397 

Joint Bone Spine. 2017;84(6):657‑61.  398 

30.  De Koninck Y. Transmission nerveuse de la douleur : mécanismes endogènes de 399 

contrôle au niveau spinal. M/S Méd sciences. 1997;13(4):542‑8.  400 

31.  Adjenou KV, Adambounou K, Akplogan B, Alegbeh E, Lawani M, N’dakena K. 401 

Évaluation, par l’imagerie ultrasonore, du recrutement musculaire, de la force motrice et de la 402 

détente verticale du quadriceps après électromyostimulation (cas de 15 étudiants de l’INJS). J 403 

Traumatol Sport. 2013;30(2):84‑90.  404 

32.  Lawani MM, Akplogan B, G. Poumarat, H. Aloa. Electrical stimulation as an 405 

analgesic means of combating knee pain: case of 26 subjects | Request PDF. ResearchGate 406 

[Internet]. 2001; Available at: https://www.researchgate.net/publication/313555964 407 

33.  Zeb A, Arsh A, Bahadur S, Ilyas SM. Effectiveness of transcutaneous electrical nerve 408 

stimulation in management of neuropathic pain in patients with post traumatic incomplete 409 

spinal cord injuries. Pak J Med Sci. 2018;34(5):1177‑80.  410 

34.  Borne R. Neuromuscular electrostimulation and short-term recovery: implications for 411 

the performance of high-level athletes [Internet] [thesis]. [Marseille]: Université Côte d’Azur; 412 

2016. Available at: http://www.theses.fr/2016AZUR4138 413 

35.  Desmeules F, Boudreault J, Roy JS, Dionne CE, Frémont P, MacDermid JC. Efficacy 414 

of transcutaneous electrical nerve stimulation for rotator cuff tendinopathy: a systematic 415 

review. Physioth sport. 2016;102(1):41‑9.  416 

36.  Maghfour L. Short-term contribution of analgesic electrotherapy (TENS) in the 417 

conservative treatment of unoperated rotator cuff injuries. J Biomed Resear Health Eco. 418 

2020;1(3):47‑53 419 



 

 

37.  Lisiński P, Grabarczyk G. Aspects of physiotherapy in treatment of shoulder joint 420 

pain. Chirur narz ruchu orto polska [Internet]. 2005 [cité 23 avr 2022];70(4). Disponible sur: 421 

https://pubmed.ncbi.nlm.nih.gov/16521532/ 422 

38.  Przemysław L, Daniel J, Włodzimierz S. [Cold-therapy and cryotherapy in 423 

management patients with shoulder pain]. Chirurgia narzadow ruchu i ortopedia polska 424 

[Internet]. 2005 [cité 23 avr 2022];70(6). Disponible sur: 425 

https://pubmed.ncbi.nlm.nih.gov/16875187/ 426 

39.  OQLF, Office québecois de la langue francaise. Grand dictionnaire terminologique - 427 

conservative treatment [Internet]. 2014 [cited 23 Apr 2022]. Available at: 428 

https://gdt.oqlf.gouv.qc.ca/ficheOqlf.aspx?Id_Fiche=17025061 429 

40.  Yanagisawa O, Miyanaga Y, Shiraki H, Shimojo H, Mukai ., Niitsu M, et al. The 430 

effects of various therapeutic measures on shoulder strength and muscle soreness after 431 

baseball pitching. J sports med phys fitness. 2003;43(2):189‑201.  432 

41.  Derya C. Comparison of the outcomes of two different exercise programs on frozen 433 

shoulder. Acta Orthop Traumatol Turc [Internet]. 2010 [cité 23 avr 2022];44(4). Disponible 434 

sur: https://pubmed.ncbi.nlm.nih.gov/21252605/ 435 

 436 

 437 

 438 


