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1 

Differences in strength and fatigue resistance of scapular protractors and retractors be-1 

tween symptomatic and asymptomatic dyskinesis  2 

 3 

Abstract  4 

 5 

Context: Scapular dyskinesis is a shoulder dysfunction that can be asymptomatic or associat-6 

ed with pain or weakness. Reduced strength and fatigue resistance of the scapular protractor 7 

and retractors muscles that stabilize the scapula might contribute to dyskinesis. 8 

Objective: To determine the strength and fatigue resistance profiles of subjects with sympto-9 

matic and asymptomatic scapular dyskinesis, and to compare them to healthy controls using 10 

isokinetic assessment. 11 

Design: Cross-sectional study. 12 

Setting: University Hospital  13 

Participants: Twenty healthy controls and 21 overhead athletes with symptomatic (n=10) 14 

and asymptomatic (n=11) scapular dyskinesis. 15 

Main Outcome Measures: Strength (peak torque, maximum work), fatigue resistance (total 16 

work) and protraction/retraction ratios measured during a closed-chain isokinetic protocol (40 17 

repetitions in concentric mode at 24.4 cm/s). 18 

Results: The scapular protractors’ strength and fatigue resistance were significantly higher 19 

(p<0.01) in healthy controls (peak torque: 5.0±0.9 N/Kg; maximum work: 2.4±0.5 J/Kg; total 20 

work: 72.4±0.6 J/Kg) than in asymptomatic (peak torque: 3.4±0.7 N/Kg; maximum work: 21 

1.7±0.4 J/Kg; total work: 50.0±13.7 J/Kg) and symptomatic (peak torque: 3.8±0.6 N/Kg; 22 

maximum work: 1.8±0.3 J/Kg; total work: 58.1±12.9 J/Kg) dyskinetic participants. The dys-23 

kinetic symptomatic group presented the highest retractors’ strength and fatigue resistance 24 

(p<0.01) values (peak torque: 5.2±0.6 N/Kg; maximum work: 2.9±0.8 J/Kg; total work: 25 
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87.7±22.7 J/Kg) followed by the healthy controls (peak torque: 4.7±1.0 N/Kg; maximum 26 

work: 2.1±0.5 J/Kg; total work: 65.3±17.9 J/Kg) and the asymptomatic dyskinetic participants 27 

(peak torque: 3.9±1.0 N/Kg; maximum work: 1.9±0.6 J/Kg; total work: 58.6±18.5 J/Kg). The 28 

protraction / retraction ratios showed a gradual decrease (p<0.001) from healthy controls (1.1) 29 

to asymptomatic (0.9) and symptomatic (0.7) dyskinetic subjects. 30 

Conclusions: Scapular dyskinesis is characterized by weaker scapular protractors and re-31 

duced agonist/antagonist ratios, especially when symptomatic. Targeting the scapular protrac-32 

tors for a better balance of scapular musculature in rehabilitation and strengthening programs 33 

may improve shoulder symptoms and function, but more interventional studies are required.  34 

 35 

Keywords: shoulder injuries; scapular dyskinesis; isokinetic; fatigue; closed-chain; protrac-36 

tion; retraction; strength 37 

 38 

Key Points:  39 

• Scapular dyskinesis affects shoulder motion in overhead athletes and can be sympto-40 

matic (i.e., painful) or not. 41 

• Scapular muscle strength and fatigue resistance significantly differ between sympto-42 

matic patients, asymptomatic patients, and healthy controls, as assessed by a specific 43 

isokinetic protocol. 44 

• Weaker shoulder protractors and reduced agonist-antagonist ratio characterize symp-45 

tomatic dyskinesis and should be taken into consideration in strengthening and reha-46 

bilitation strategies 47 

 48 

  49 
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3 

Introduction 50 

 51 

Overhead athletes place specific constraints on their shoulder joint, given the demanding na-52 

ture of movements such as throwing, hitting or swimming.  The important ranges and ampli-53 

tudes of these scapulohumeral movements require precise positioning and smooth motion of 54 

the scapula. When these motion patterns are altered, it results in a condition known as scapu-55 

lar dyskinesis. This phenomenon, initially defined by Kibler as “an alteration in the normal 56 

position or motion of the scapula during coupled scapulohumeral movements” 1,2, is 57 

particularly prevalent among overhead athletes, with a reported rate of 61% compared to 33% 58 

in non-overhead athletes 3. Past research indicates that scapular dyskinesis increases the risk 59 

of shoulder pain and injuries 4,5.  60 

Biomechanically, the upper, middle and lower trapezius along with the serratus anterior play 61 

key roles in scapular positioning 6. The serratus anterior facilitates protraction, while the mid-62 

dle trapezius enables retraction, ensuring scapular stability both during movement and at rest 63 

6. For overhead athletes, who continually stress their shoulders, these stabilizing muscles are 64 

pivotal. Strength deficits in these muscles may contribute to the physiopathology of dyskine-65 

sis 7,8. For instance, decreased strength in the lower trapezius and the serratus anterior are as-66 

sociated with reduced scapular upward rotation during maximal contraction 9. Consequently, 67 

athletic performance can be impaired due to the insufficient mobility and the risk of injury is 68 

increased given the disturbed biomechanics 10.  69 

Fatigue resistance of the scapular protractors and retractors also plays a specific role in the 70 

context of scapular dyskinesis. Scapular muscles lose their stabilizing capacity when fatigued 71 

with an intense training session, or a specific exhausting fatigue protocol, which is deleterious 72 

for scapular kinematics 11–14. For example, a decreased posterior tilting and an increased in-73 
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ternal rotation of the scapula were observed following a fatigue protocol (i.e., modified push-74 

up plus task) for the serratus anterior 14.  75 

Quantitatively measuring strength and fatigue deficits of scapular protractors and retractors 76 

can be achieved using isokinetic testing, considered as the gold standard for scapular strength 77 

measurements 15,16. A specific closed-chain isokinetic protocol for protraction and retraction 78 

movements developed by Cools et al. has demonstrated excellent test-retest reliability (intra-79 

class correlation coefficient 0.82 – 0.96) 17. The original protocol consisted of ten repetitions 80 

focusing on maximal strength assessment 17–19. Later iterations included 40 repetitions to 81 

evaluate muscle endurance 20–22. This protocol focuses on the assessment of fatigue by in-82 

creasing the number of repetitions. The prolonged muscle effort will indeed solicit the anaer-83 

obic lactic pathway 23. This pathway accurately reflects scapular muscle demands on the field, 84 

where overhead athletes sustain multiple prolonged efforts that can induce scapular fatigue.  85 

To date, the isokinetic assessment of scapular protractors and retractors focuses on either 86 

providing sport-specific normative values 20–22 or on the relationship between muscle dysfunc-87 

tion (i.e., reduced strength and imbalanced protraction/retraction ratios) and subacromial im-88 

pingement symptoms in athletes 18,19.  The strength and fatigue resistance profiles of scapular 89 

protractors and retractors in the context of scapular dyskinesis remain largely unexplored. 90 

This assessment could enhance the early detection and diagnosis of scapular dyskinesis, cur-91 

rently reliant on clinical evaluation. Even though debated, scapular dyskinesis appears to be a 92 

risk factor for shoulder injury in overhead athletes 24,25. Allowing early detection and refining 93 

the diagnosis with quantitative measures would allow for a proactive management of this risk. 94 

Additionally, scapular dyskinesis can be asymptomatic, with individuals not experiencing 95 

pain or discomfort even when their scapular kinematics are altered 26. It remains unclear 96 

whether these asymptomatic cases exhibit similar muscle profiles to symptomatic ones or 97 

should be treated differently.  98 
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5 

The aim of this study was therefore to compare the isokinetic strength and fatigue resistance 99 

profiles of scapular protractors and retractors among overhead athletes with symptomatic and 100 

asymptomatic scapular dyskinesis, along with healthy controls, unaffected by their sports 101 

practice. A second aim was to determine whether asymptomatic cases are more similar to the 102 

healthy controls or the symptomatic profiles. We hypothesize observing significant differ-103 

ences between the three groups, with symptomatic cases demonstrating lower strength and 104 

fatigue resistance compared to asymptomatic cases and healthy controls. We further hypothe-105 

size that asymptomatic cases present similar profiles to symptomatic ones.  106 
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Material and methods 107 

 108 

Study design, ethics and participants’ selection 109 

This was a cross-sectional study complying with the ethical standards of the Declaration of 110 

Helsinki, and the protocol was reviewed by the institutional Ethics Committee. The partici-111 

pants were recruited through the Faculty and University Hospital databases. Using conven-112 

ience sampling, participants potentially meeting inclusion criteria were invited to participate. 113 

Each included participant gave their signed informed consent. Inclusion criteria for the dyski-114 

netic subjects were as follows: male subjects between 18 and 35 years old, practicing over-115 

head sports (e.g., handball, tennis, rugby) for minimum of 3 hours and maximum of 5 hours a 116 

week, currently able to practice, with no history of musculoskeletal lesion of the upper limbs, 117 

without spine scoliosis, thoracic kyphosis beyond the norms or cervical hyperlordosis, and 118 

without lower limb length differences which could affect the assessment and the homogeneity 119 

of the study group. They were also required to have no other pathology in their dyskinetic 120 

shoulder and their contralateral shoulder had to be free of pathology (i.e., unilateral dyskinesis 121 

only). For the healthy controls, the same criteria were applied with the exception that they did 122 

not practice overhead sports, or practiced them for less than 2 hours a week. Participants were 123 

allocated to one of three different groups (i.e., healthy control, asymptomatic dyskinesis and 124 

symptomatic dyskinesis) depending on their clinical assessment (see below and Figure 1). 125 

Participants were required to not perform any upper limb training on the day prior to, and the 126 

day of the assessments. 127 

 128 

Clinical assessment 129 

Based on clinical evaluation by a physical therapist who specialized in shoulder pathology, 130 

subjects were classified into three groups: symptomatic unilateral dyskinesis (DS-S); asymp-131 
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tomatic unilateral dyskinesis (DS-A) and healthy controls (HC). The evaluations were all 132 

done by the same physical therapist. The clinical assessment consisted of two parts: the first 133 

part focused on identifying the presence or absence of dyskinesis and the second part focused 134 

on determining whether the shoulder was symptomatic (i.e., painful and/or weak) or not. 135 

These evaluations including a series of evaluations described hereafter and were chosen based 136 

on both the existing literature and clinical practice. Their reliability data and illustrative ex-137 

amples can be found in Supplementary Material. 138 

For the first part, the examiner assessed dyskinesis using four steps:  139 

1) Visual observation at rest and during arm elevation to assess the presence (i.e., abnor-140 

mal floating of the scapula and/or abnormal scapular movement) or absence of dys-141 

kinesis.  142 

2) Kibler Lateral Scapular Slide Test (LSST); which consists of measuring the distance 143 

between the lower angle of the scapula and the corresponding vertebra spinal process. 144 

This measurement is performed in 3 positions: arm alongside the body; hands on hips 145 

and arm at 90° abduction in maximal internal rotation. This test is considered positive 146 

for an asymmetry superior or equal to 1.5cm in two out of the three positions 27.  147 

3) Stiffness of the pectoralis minor 28; while the participant lies supine, arms relaxed 148 

alongside their body and palms facing downward, the distance (cm) between the pos-149 

terior edge of the acromion and the table is measured. The test is considered positive 150 

above the 4-cm cut-off 29. 151 

4) Stiffness of the posterior shoulder structures 28,30; while the subject is in the sleeper 152 

stretch position (lateral decubitus, shoulder and elbow flexed to 90°), the investigator 153 

applies maximum internal rotation and measures the distance between the radial sty-154 

loid and the table 31. The test is considered positive above the 19-cm cut-off 32. 155 
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To be considered dyskinetic, the subject had to meet the following criteria: Criterion 1 (obser-156 

vation) positive; and criterion 2 (LSST) positive; and criteria 3 (pectoralis minor stiffness) 157 

and/or 4 (posterior structures stiffness) positive. 158 

Once identified as dyskinetic, participants were included in the symptomatic group if they 159 

reported pain or weakness on at least three of the following five isometric tests (reliability 160 

data and illustrations in Supplementary Material): 161 

1) Jobe test (supraspinatus) 33,34: shoulder elevation and internal rotation with arm ex-162 

tended at 90° abduction in the scapular plane 163 

2) Patte test 0° (infraspinatus) 35,36: shoulder external rotation at 0° abduction with elbow 164 

flexed 165 

3) Patte test 90° (teres minor) 35,36: shoulder external rotation at 90° abduction with el-166 

bow flexed 167 

4) Lift off test (subscapularis) 36,37: shoulder internal rotation starting with hand behind 168 

the back 169 

5) Palm up test (long head biceps) 36,38: shoulder elevation with arm extended at 90° and 170 

external rotation 171 

If the subject was previously considered as dyskinetic but not positive for any of these isomet-172 

ric tests, they were considered asymptomatic. The healthy controls all had negative dyskinesis 173 

and isometric tests. This categorization is presented in Figure 1. 174 

 175 

Isokinetic assessment 176 

The isokinetic assessment protocol was adapted from the one described and used by Cools et 177 

al. in several studies on the scapular assessment of overhead athletes 17–22. In the present con-178 

text of dyskinesis, where the fatigue component is important, we opted for the 40-repetition 179 

protocol. Arm dominance was recorded for each participant. The dominant arm corresponds 180 
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to the one the subject used in their sporting gesture. The dyskinetic participants (DS groups) 181 

were assessed on their dyskinetic side while the healthy controls (HC groups) were assessed 182 

on their dominant side. The isokinetic assessment of scapular protractors and retractors was 183 

performed in the concentric mode using a Biodex System 4 (Biodex Medical Systems, USA). 184 

An initial warm-up consisting of performing 2*20 push-ups and 2*20 rowing exercises using 185 

elastics bands in a standing position was performed. The isokinetic assessment was then per-186 

formed in a closed chain setting as follows: the chair was rotated to 15° from the sagittal 187 

plane while the engine base was rotated to 45°. The shoulder was elevated to 90° in the scapu-188 

lar plane. The subject had to keep their elbow actively extended throughout the tests in a neu-189 

tral position. Compensation was limited by a belt as shown in Figure 2. The height of the seat 190 

was adjusted so that their arm was horizontal, and the subject was instructed to perform a 191 

maximal protraction and retraction movement (see Figure 2). The total range of motion was 192 

set at 8 cm. The assessment protocol consisted in: (1) familiarization at 18.3 cm/s (10 trials) 193 

followed by 1-minute rest; (2) 3 sub-maximal trials followed by 10-second rest and 40 maxi-194 

mal trials at 24.4 cm/s in concentric mode. The Biodex software was used to calculate: 195 

- Peak torque (Newton): maximum force developed by the subject over the 40 trials. 196 

- Maximum work (Joule): maximum amount of work performed on one trial 197 

- Total work (Joule): total amount of work performed over the 40 trials 198 

These parameters were calculated for the protractors and retractors in the concentric mode at 199 

24.4 cm/s. For each variable, agonist/antagonist (i.e., protractor/retractor) ratios were calcu-200 

lated as well. These variables were normalized by body weight (Kg). Strength measurements 201 

included peak force and maximum work. Fatigue resistance was measured by the total work.  202 

 203 

Statistical analysis 204 
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Regarding sample size, this was a convenience sample and no a priori statistical estimation 205 

was made. Statistical analyses were performed using R 3.6.2 (R Core Team 2008). The nature 206 

of the data distribution (normality) was assessed using Shapiro-Wilk tests. Comparisons of the 207 

demographic and isokinetic variables between the three groups (i.e., dyskinetic asymptomatic, 208 

dyskinetic symptomatic and controls) were performed using one-way ANOVAs after the ho-209 

mogeneity of variances was verified using Levene’s tests. The effect sizes for each variable 210 

were calculated with the partial eta squared (η²) and its 95% confidence interval. The interpre-211 

tation of the magnitude of effect was small > 0.01; medium > 0.06; large > 0.14. Post-hoc 212 

pairwise comparisons were performed using Tukey’s HSD test. Results were considered sig-213 

nificant at the p<0.05 level.   214 
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Results 215 

 216 

Population 217 

Forty-one male subjects (age: 22 ± 2 years old; height: 181 ± 10 cm; mass: 80 ± 13 kg) were 218 

prospectively included in the study based on a convenience sampling. Following the first part 219 

of the clinical assessment described above (Figure 1), 21 subjects presented dyskinesis and 20 220 

were healthy controls (HC) with no clinical feature of dyskinesis (i.e., scapular dyskinesis 221 

evaluation negative for dyskinesis). Following the second part of the clinical assessment, 11 222 

subjects presented with asymptomatic (DS-A) and 10 with symptomatic dyskinesis (DS-S). 223 

The DS-A group had no positive isometric test on the second symptomatology evaluation. 224 

The DS-S group had at least 3 positive isometric tests and the HC had none. Five participants 225 

among the DS-A and the DS-S groups presented with dyskinesis on their non-dominant side. 226 

Demographic and clinical characteristics of the sample are presented in Table 1. There were 227 

no significant differences between the three subgroups regarding age (p=0.26), weight 228 

(p=0.18), and height (p=0.18). Isokinetic testing was performed according to the protocol for 229 

all the subjects and there was no report of discomfort and/or pain during and right after the 230 

testing. Isokinetic data was normally distributed as assessed by Shapiro-Wilk tests (all 231 

p’s>0.05) and the group variances were assumed equal as assessed by Levene tests (all 232 

p’s>0.05). 233 

 234 

Strength assessment 235 

Peak torque and maximum work values for the protraction / retraction 24.4 cm/s concentric 236 

movement are presented in Table 2. The peak torques of the protractors were significantly 237 

different (p<0.001) between the DS-S, DS-A and HC groups, with a large effect size 238 

(η²=0.49). The HC showed the highest values (5.0 ±0.9 N/Kg) followed by the DS-S (3.8 ±0.6 239 
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N/Kg) and the DS-A (3.4 ±0.7 N/Kg). Post-hoc pairwise comparisons showed significant dif-240 

ferences between the HC and DS-A and the HC and DS-S groups. Regarding maximum work 241 

for the protractors, the three groups showed significantly different values (p<0.001) with a 242 

large effect size (η²=0.34). Again, the HC showed the highest values (2.4 ±0.5 J/Kg) followed 243 

by the DS-S (1.8 ±0.3 J/Kg) and the DS-A (1.7 ±0.4 J/Kg). Post-hoc pairwise comparisons 244 

showed significant differences between the HC and DS-A and the HC and DS-S groups. 245 

The retractors showed a different profile. The peak torques were significantly different 246 

(p=0.004) between the three groups, with a large effect size (η²=0.25). However, the DS-S 247 

group had the highest values (5.2 ±0.6 N/Kg) followed by the HC (4.7 ±1.0 N/Kg) and the 248 

DS-A (3.9 ±1.0 N/Kg). Post-hoc pairwise comparisons showed significant differences be-249 

tween the DS-A and HC and the DS-A and DS-S groups. Likewise, for the maximum work, 250 

the DS-S had the highest values (2.9 ±0.8 J/Kg) followed by the HC (2.1 ±0.5 J/Kg) and the 251 

DS-A (1.9 ±0.6 J/Kg), with a significant difference between the three groups (p=0.002) and a 252 

large effect size (η²=0.28). Post-hoc pairwise comparisons showed significant differences 253 

between the DS-S and HC and the DS-S and DS-A groups. 254 

This is reflected by the protractor/retractor ratios. They were significantly different between 255 

the three groups (p<0.001) with a large effect size (η²=0.44). The highest ratio was for the HC 256 

(1.1 ±0.2) followed by the DS-A (0.9 ±0.1) and the DS-S (0.7 ±0.1). Post-hoc pairwise com-257 

parisons showed significant differences between the DS-S and HC and the DS-S and DS-A 258 

groups. Likewise, for the maximum work, the HC had the highest ratios (1.1 ±0.2) followed 259 

by the DS-A (0.9 ±0.2) and the DS-S (0.7 ±0.2), with a significant difference between the 260 

three groups (p<0.001) and a large effect size (η²=0.49). Post-hoc pairwise comparisons 261 

showed significant differences between all the pairs. This is presented in Figure 3. 262 

 263 

Fatigue resistance assessment 264 
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Total work values for the protraction / retraction 24.4 cm/s concentric movement are present-265 

ed in Table 2. The total work of the protractors was significantly different (p=0.003) between 266 

the DS-S, DS-A and HC groups, with a large effect size (η²=0.26). The HC showed the high-267 

est values (72.4 ±19.7 J/Kg) followed by the DS-S (58.1 ±12.9 J/Kg) and the DS-A (50.0 268 

±13.7 J/Kg). Post-hoc pairwise comparisons showed significant differences between the HC 269 

and DS-A and the HC and DS-S groups. As for the strength values, the retractors presented a 270 

different profile. The total work was significantly different (p=0.003) between the three 271 

groups, with a large effect size (η²=0.26). However, the DS-S group was the one with the 272 

highest values (87.7 ±22.7 J/Kg) followed by the HC (65.3 ±17.9 J/Kg) and the DS-A (58.6 273 

±18.5 J/Kg). Post-hoc pairwise comparisons showed significant differences between the DS-S 274 

and HC and the DS-S and DS-A groups.  275 

The protractors/retractors ratios were significantly different (p<0.001) between the three 276 

groups with a large effect size (η²=0.36). The HC presented the highest ratio (1.1 ±0.2) fol-277 

lowed by the DS-A (0.9 ±0.2) and the DS-S (0.7 ±0.3). Post-hoc pairwise comparisons 278 

showed significant differences between the HC and DS-A and the HC and DS-S groups. This 279 

is presented in Figure 4. 280 

In summary, the protractors of the dyskinetic (symptomatic and asymptomatic) participants 281 

were weaker and had less fatigue resistance than the healthy controls. On the other hand, the 282 

retractors of the dyskinetic symptomatic participants were stronger and had better fatigue re-283 

sistance than the healthy controls and the dyskinetic asymptomatic participants. The protrac-284 

tors/retractors ratios showed a gradual decrease from healthy controls, to dyskinetic asymp-285 

tomatic, to dyskinetic symptomatic participants. 286 

 287 

  288 
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Discussion 289 

Main findings 290 

This study investigated the isokinetic strength (peak torque, maximum work) and fatigue re-291 

sistance (total work) of scapular protractors and retractors using a 40-repetition 24.4 cm/s 292 

protocol for symptomatic and asymptomatic scapular dyskinesis, with a healthy group for 293 

comparison. This extended protocol aimed to engage the anaerobic lactic pathway while 294 

maintaining optimal movement speed 23.  The study aimed to identify strength and fatigue 295 

resistance imbalances associated with symptomatic scapular dyskinesis and assess whether 296 

asymptomatic cases align more with healthy controls or symptomatic profiles. 297 

While prior studies often centered on shoulder rotators, research on the assessment of scapular 298 

protractors and retractors is limited. Nonetheless, it is crucial to include this assessment to 299 

detect muscle imbalances specific to these groups. For instance, certain athletes (e.g., elite 300 

field hockey players) may exhibit a symmetric rotational strength profile but an asymmetric 301 

strength protraction-retraction profile 22. Such patterns can lead to injuries if unaddressed. 302 

Our results show that both symptomatic and asymptomatic dyskinetic individuals present ab-303 

normal strength and fatigue resistance compared to healthy controls, with the discrepancy 304 

being more pronounced in symptomatic cases. This is evident in the gradual decrease of scap-305 

ular protractors/retractors ratios, from around 1.1 in healthy controls to 0.9 in dyskinetic 306 

asymptomatic participants and 0.7 in dyskinetic symptomatic participants. Although norma-307 

tive values are lacking, previous reports suggest values ranging from 1 to 1.18 in a healthy 308 

non-athletic population 16,17. For overhead athletes with impingement symptoms, this ratio 309 

was lower for injured shoulders (0.97) compared to healthy shoulders (1.05) 19, indicating 310 

weaker scapular protractors relative to retractors. Thus, there appears to be a continuous de-311 

crease in ratios along with symptomatology.  312 
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Surprisingly, symptomatic subjects exhibited significantly stronger scapular retractors than 313 

asymptomatic participants when considering protraction and retraction separately. Several 314 

explanations could account for this unexpected finding. Firstly, this imbalance in favor of the 315 

retractors could result from kinematic adaptation to dyskinesis, where retractor muscles adapt 316 

to misaligned scapula positioning, potentially exacerbating the issue. Conversely, starting 317 

with strong retractors that lack balance with the protractors might contribute to symptomatic 318 

dyskinesis by pulling the scapula away from the rib cage 7. This hypothesis of altered kine-319 

matics due to muscle imbalances requires confirmation through larger prospective studies. 320 

Secondly, conventional training and rehabilitation programs often emphasize retractor 321 

strengthening, potentially neglecting scapular protractors like the serratus anterior, which 322 

tends to be weaker 7. Prioritizing retractor strengthening over protractors, or not addressing 323 

protractors sufficiently, could result in an imbalanced ratio as observed in this study. 324 

Thirdly, the composition of the symptomatic dyskinetic sample, primarily consisting of hand-325 

ball players (six out of ten), could explain their stronger retractors. Handball players often 326 

exhibit pain complaints and dyskinesis 24,39 due to the sport's unique kinematic demands, 327 

characterized by high-velocity and large amplitude overhead movements that heavily engage 328 

the shoulder retractors, unlike other sports in the study (e.g., tennis, swimming). 329 

This study does not explore these hypotheses in-depth and they require further investigation. 330 

Other studies reporting normative values in elite field hockey and gymnastics indicate signifi-331 

cantly stronger retractors in the dominant shoulder compared to the non-dominant and/or con-332 

trol non-athletes 21,22. However, the present study is the first to observe stronger retractors in 333 

symptomatic subjects relative to non-symptomatic participants and controls. 334 

 335 

Clinical implications 336 
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Scapular dyskinesis is prevalent among overhead athletes (61% according to a systematic 337 

review 3) and may be underestimated due to its potential asymptomatic nature 26. There is an 338 

ongoing debate whether dyskinesis represents an adaptation to sports practice or even a per-339 

formance-enhancing adaptation 40. Our results tend to challenge this premise, as both symp-340 

tomatic and asymptomatic dyskinetic groups show altered protractors/retractors ratios, sug-341 

gesting compromised scapular function. Despite having stronger retractors, the symptomatic 342 

group reported pain, dispelling the notion of positive adaptation. 343 

The dyskinetic asymptomatic group might represent an intermediate stage before transitioning 344 

into the symptomatic category, though this requires further investigation. It could pave the 345 

way for primary prevention programs to counterbalance low protraction/retraction ratios. 346 

Such strengthening programs should aim at achieving a proportionate protractors/retractors 347 

ratio (about 1.1 in our healthy controls sample). Clinicians and staff should adapt rehabilita-348 

tion and conditioning to focus on both retractors and protractors, specifically the weaker ser-349 

ratus anterior, using tailored exercises (e.g., exercises laying down using dumbbells). Both the 350 

strength and fatigue resistance modalities should be targeted. This involves short exercises 351 

with heavy loads (e.g., 3 x 4-5 repetitions at 85-90% of the one-repetition maximum; strength) 352 

and long exercises with medium loads (e.g., 3 x 15-20 high-intensity repetitions at 50-60% of 353 

the one-repetition maximum; fatigue resistance). This dual approach has been effective in 354 

rebalancing the supraspinatus and the infraspinatus strength in the context of a dyskinesis 41.  355 

 356 

Benefits and limitations of a quantitative assessment 357 

Traditional assessment of scapular dyskinesis relies on subjective visual observation. A quan-358 

titative evaluation of muscle strength and fatigue through isokinetic testing offers personal-359 

ized rehabilitation goals and customized strengthening programs, moving beyond the “one-360 

size-fits-all” approach. Additionally, follow-up assessments can gauge intervention effective-361 
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ness. However, this assessment approach has its limitations. Apart from cost and expertise 362 

requirements, the closed-chain isokinetic protocol is highly analytical and does not capture the 363 

complete function of the shoulder, only some specific parameters. To tackle this issue, it 364 

might be interesting to complement the evaluation with field tests that are more accessible and 365 

versatile. 366 

To fully capture fatigue resistance performance, we considered total work over 40 repetitions, 367 

instead of solely the first and last trials, to avoid over-reliance on the first trials’ performance. 368 

While it was assumed participants maintained maximal effort throughout, mental fatigue 369 

could lead to suboptimal performance towards the end. Therefore, investigators must offer 370 

proper encouragement and visually inspect strength curves to ensure maximal effort through-371 

out the evaluation. 372 

  373 

Methodological strength and limitations 374 

Several limitations in this study should be considered before generalizing the results. First, 375 

strict inclusion criteria for sports practice compromised the study's external validity for other 376 

sports participation levels (e.g., leisure or professional). The control group consisted of partic-377 

ipants not heavily engaged in overhead sports to be able to isolate the impact of sports prac-378 

tice on scapular dynamics. Second, this was a prospective convenience sample without a pri-379 

ori sample size estimation. However, significant differences were observed between the three 380 

groups of interest, which refine the understanding of scapular dyskinesis and underscore the 381 

value of a combined clinical and isokinetic approach.  382 

 383 

Future directions 384 

Future research could explore the multimodal assessment of scapular dyskinesis by integrat-385 

ing the data from other assessments like electromyography to distinguish activation patterns 386 
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during fatigue resistance tests or sport-specific movements. Prospective studies could also 387 

evaluate the impact of interventions aimed at rebalancing low protraction/retraction ratios on 388 

symptomatology. Additionally, comparing dyskinesis classification accuracy between clinical 389 

experts and machines, such as isokinetic devices or others, could further refine diagnostic 390 

approaches.  391 
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Conclusions 392 

This study presents an innovative approach to assessing symptomatic and asymptomatic scap-393 

ular dyskinesis by combining qualitative (clinical) and quantitative (isokinetic) assessment of 394 

scapular protractors and retractors. This comprehensive evaluation of muscle function appears 395 

capable of distinguishing symptomatic and asymptomatic dyskinesis based on the muscle im-396 

balance in favor of the retractors. Addressing such imbalances, even in asymptomatic cases, is 397 

crucial to prevent the development of symptomatic dyskinesis. Consequently, tailored training 398 

regimens that restore the balance between protractors and retractors, focusing on both strength 399 

and fatigue resistance, should be considered, particularly since asymptomatic subjects already 400 

display altered profiles compared to healthy controls. 401 

  402 
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Figure and Table Legends 519 

 520 

Figure 1: Categorization of the study participants based on the clinical assessment of dys-521 

kinesis and on the symptomatology. LSST = lateral scapular slide test 522 

Figure 2: Subject’s positioning on the isokinetic dynamometer (Biodex System 4) 523 

Figure 3: Barplot of the mean total work (body weight normalized) during the fatigue re-524 

sistance protocol (40 repetitions) for the scapular protractors (Pro) and retractors (Ret) and for 525 

the ratio Pro/Ret. HC = healthy control (n=20); DS A= dyskinetic asymptomatic (n=11); DS 526 

S= dyskinetic symptomatic (n=10). Pro/Ret = agonist/antagonist ratio. Error bars represent the 527 

standard deviation from the mean. * p<0.05; ** p<0.01; *** p<0.001 528 

Figure 4: Barplot of the mean peak torque values during the fatigue resistance protocol (40 529 

repetitions) for the scapular protractors (Pro) and retractors (Ret) and for the ratio Pro/Ret. DS 530 

A= dyskinetic asymptomatic (n=11); DS S= dyskinetic symptomatic (n=10); HC = healthy 531 

control (n=20). Error bars represent the standard deviation from the mean. * p<0.05; ** 532 

p<0.01; *** p<0.001 533 

Table 1: Demographic and anthropometric characteristics of the dyskinetic - symptomatic 534 

(DS-S; n=10), dyskinetic - asymptomatic (DS-A; n=11) and control (HC; n=20) subjects. a = 535 

one-way ANOVA test 536 

Table 2: Isokinetic variables for the fatigue resistance protocol (40 repetitions) of healthy 537 

controls (HC), sub-jects with asymptomatic dyskinesis (DS-A) and with symptomatic dys-538 

kinesis (DS-S); mean ± stand-ard deviation; body weight normalized. PRO = protractors; 539 

RET = retractors;) a = one-way ANOVA test, F value, p value, η² effect size and [95% confi-540 

dence interval]; b = Tukey HSD test pairwise comparisons. 541 

 542 

Onli
ne

 Firs
t

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jat/article-pdf/doi/10.4085/1062-6050-0092.23/3266228/10.4085_1062-6050-0092.23.pdf by guest on 22 Septem

ber 2023



Onli
ne

 Firs
t

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jat/article-pdf/doi/10.4085/1062-6050-0092.23/3266228/10.4085_1062-6050-0092.23.pdf by guest on 22 Septem

ber 2023



Onli
ne

 Firs
t

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jat/article-pdf/doi/10.4085/1062-6050-0092.23/3266228/10.4085_1062-6050-0092.23.pdf by guest on 22 Septem

ber 2023



Onli
ne

 Firs
t

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jat/article-pdf/doi/10.4085/1062-6050-0092.23/3266228/10.4085_1062-6050-0092.23.pdf by guest on 22 Septem

ber 2023



Onli
ne

 Firs
t

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jat/article-pdf/doi/10.4085/1062-6050-0092.23/3266228/10.4085_1062-6050-0092.23.pdf by guest on 22 Septem

ber 2023



Table 1: Demographic and anthropometric characteristics of the dyskinetic - symptomatic (DS-S), 

dyskinetic - asymptomatic (DS-A) and control (HC) groups. a = one-way ANOVA test 

 Dyskinetic – 
Asymptomatic 
(n=11) 

Dyskinetic – 
Symptomatic 
(n=10) 

Controls 
(n=20) 

p-value a

Mean SD Range Mean SD Range Mean SD Range  

Age (years) 
22.4 2.4 19 - 26 24.6 4.7 18 - 33 23.0 2.6 20 – 30 0.26 

Height (cm) 
180.5 9.6 

168 - 

203 
182.4 4.9 176 - 190 177.6 6 163 – 190 0.18 

Mass (kg) 
80.2 13.3 

60 - 

105 
81.2 12.4 68 - 108 73.8 10.5 60 – 102 0.18 

Dominance Right : n=10 

Left : n=1 

Right : n=10 Right : n=15 

Left : n=5 

Dyskinetic 
side 

Dominant : n=9 

Non-dominant : n=2 

Dominant : n=7 

Non-dominant : n=3 

 

Sport 
practice (h) 

4.2 0.9 3 - 5 4.0 0.8 3 - 5 

Practised 
sport 

Tennis: n=4 

Swimming: n=2 

Rugby: n=2 

Climbing: n=1 

Decathlon: n=1 

Volley-ball: n=1 

Handball: n =6 

Swimming: n=1 

Rugby: n=1 

Tennis: n=1 

Weightlifting: n=1 
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Table 2: Isokinetic strength (peak torque, maximum work) and fatigue resistance (total work) values over a 40-repetitions protraction-retraction 

protocol for healthy controls (HC), subjects with asymptomatic dyskinesis (DS-A) and with symptomatic dyskinesis (DS-S); mean ± standard 

deviation; body weight normalized. PRO = protractors; RET = retractors; a = one-way ANOVA test, F value, p value, η² effect size and [95% 

confidence interval]; b = Tukey HSD post-hoc test pairwise comparisons. Significant p values are depicted in bold. 

Movement Variable 
Groups ANOVA a pwc p values b 

HC 
(n=20) 

DS-A 
(n=21) 

DS-S 
(n=20) F p η² HC/DS-A HC/DS-S DS-A/DS-S

PRO 
Conc 24.4 cm/s 

Peak torque 
(N/Kg) 5.0 ± 0.9 3.4 ± 0.7 3.8 ± 0.6 18.19 <0.001 0.49 

[0.28, 1.0] <0.001 <0.001 0.53 

Maximum work 
(J/Kg) 2.4 ± 0.5 1.7 ± 0.4 1.8 ± 0.3 9.77 <0.001 0.34 

[0.13, 1.0] <0.001 0.01 0.69 

Total work 
(J/Kg) 72.4 ± 19.7 50.0 ± 13.7 58.1 ± 12.9 6.83 0.003 0.26 

[0.07, 1.0] 0.003 0.09 0.52 

RET 
Conc 24.4 cm/s 

Peak torque 
(N/Kg) 4.7 ± 1.0 3.9 ± 1.0 5.2 ± 0.6 6.50 0.004 0.25 

[0.06, 1.0] 0.02 0.48 0.004 

Maximum work 
(J/Kg) 2.1 ± 0.5 1.9 ± 0.6 2.9 ± 0.8 7.54 0.002 0.28 

[0.08, 1.0] 0.62 0.007 0.002 

Total work 
(J/Kg) 65.3 ± 17.9 58.6 ± 18.5 87.7 ± 22.7 6.65 0.003 0.26 

[0.07, 1.0] 0.63 0.01 0.004 

PRO/RET 
Conc 24.4 cm/s 

Peak torque 
(ratio) 1.1 ± 0.2 0.9 ± 0.1 0.7 ± 0.1 15.13 <0.001 0.44 

[0.23, 1.0] 0.10 <0.001 0.01 

Maximum work 
(ratio) 1.1 ± 0.2 0.9 ± 0.2 0.7 ± 0.2 18.50 <0.001 0.49 

[0.29, 1.0] 0.01 <0.001 0.03 

Total work 
(ratio) 1.1 ± 0.2 0.9 ± 0.2 0.7 ± 0.3 10.49 <0.001 0.36 

[0.15, 1.0] 0.03 <0.001 0.22 

 

 

Onli
ne

 Firs
t

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jat/article-pdf/doi/10.4085/1062-6050-0092.23/3266228/10.4085_1062-6050-0092.23.pdf by guest on 22 Septem

ber 2023



Differences in strength and fatigue resistance of scapular protractors and retractors between 

symptomatic and asymptomatic dyskinesis  

Supplementary material 
 

 
1. Psychometric properties of the clinical tests used 

 
Test Validity Reliability a Refs. 

  Intra-rater Inter-rater  
Lateral Scapular 
Slide Test (LSST) 

0.91 correlation with radiographic 
measurement 

0.84 – 0.88 0.77 – 0.85 1 

Stiffness pectoralis 
minor 

100% sensitivity with gold standard 
recommendation of 2.6 cm threshold 

0.76 – 0.97 
  

0.47 – 0.72 2,3 

Stiffness posterior 
shoulder structures 

0.16 correlation with instrumented 
assessment of humeral rotation range 
of motion  

0.92 – 0.95 0.80 4,5 

Jobe test 89% sensitivity with radiographic 
evaluation of rotator cuff tear 

1.00 0.44 6,7 

Patte test  93% sensitivity with radiographic 
evaluation of rotator cuff tear 

1.00 1.00 8 

Lift off test 12% sensitivity with arthroscopic 
evaluation of subscapularis tear 

0.29 0.38 9,10 

Palm up test 69% sensitivity with biceps 
pathologies on ultrasonography 

NA 0.44 11 

a ICC classification12: <0.50 poor; ≥50 moderate < 0.75; ≥ 0.75 good < 0.90; ≥0.90 excellent 
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2. Illustrative examples of the clinical tests used

  Lateral Scapular Slide Test 1          Lateral Scapular Slide Test 2             Lateral Scapular Slide Test 3 

 Stiffness of the posterior shoulder structures  Stiffness of the pectoralis minor         

 Jobe test                Lift off test                Patte test 90° 

 Patte test 0°  Palm up test       
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