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ABSTRACT  30 

Objectives – To identify evidence-practice gaps regarding shoulder injury risk factors in competitive 31 

swimmers. 32 

Methods – We gathered insights from 27 swimming experts including elite swimmers, coaches, high-33 

performance staff, and applied researchers using Concept Mapping. Participants brainstormed, sorted, 34 

and rated (from 1 [least] – 10 [most] important and modifiable) their ideas of shoulder injury risk factors 35 

in competitive swimmers. Proposed risk factors rated above the grand mean for importance (6.2 ±0.4) or 36 

modifiability (6.5 ±0.5) ratings were considered highly important/modifiable. Expert opinions were then 37 

juxtaposed with systematic review findings to identify overlaps or convergences. 38 

Results – Brainstorming generated 126 proposed shoulder injury risk factors for competitive swimmers, 39 

subsequently refined to 61 unique proposed risk factors through removing duplicates and combining 40 

similar responses. The 61 risk factors were then sorted into seven distinct clusters by participants. Experts 41 

perceived 36/61 proposed risk factors as highly important, of which six were supported by literature, six 42 

showed no association with injury, two had conflicting evidence, and the remaining 22 have not yet been 43 

investigated, suggesting an evidence-practice gap. Three proposed risk factors “inconsistent training 44 

load”, “poor stroke technique”, and “low posterior shoulder strength-endurance” exhibited high perceived 45 

importance, high perceived modifiability, and supporting evidence. 46 

Conclusion – An evidence-practice gap was identified for 28 proposed risk factors perceived as highly 47 

important by swimming experts despite either i) no relevant empirical research (n=22), or ii) no 48 

association with injury (n=6) from synthesised evidence. Greater collaboration between researchers and 49 

practitioners is needed to effectively address shoulder injury risk factors in competitive swimmers. 50 

  51 
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SUMMARY BOXES 52 

What is already known on this topic? 53 

• Shoulder injuries are prevalent in competitive swimmers with a limited understanding of 54 

aetiology and risk factors, raising the potential for ineffective or inappropriate prevention 55 

protocols. 56 

• With a paucity of high-quality research, practitioners are required to rely on their personal 57 

experience, which has not yet been captured in the literature. 58 

What this study adds 59 

• An evidence-practice gap was identified in the misalignment of practitioner priorities and 60 

systematic investigation. Experts identified 22 highly important proposed risk factors that have 61 

not yet been investigated through empirical research. 62 

• Practitioners perceived six proposed risk factors related to maximal strength, range of motion, or 63 

training volume as highly important despite systematically reviewed evidence indicating they are 64 

not associated with shoulder injury.  65 

• Three proposed risk factors with high perceived importance and modifiability (inconsistent 66 

training load, poor stroke technique, and low posterior shoulder strength-endurance) had 67 

supporting evidence. 68 

How this study might affect research and practice 69 

• Researchers should consider investigating the risk factors with the highest practical importance, 70 

specifically the 22 highly important, un-investigated proposed risk factors. 71 

• Swimming practitioners should consider monitoring low posterior shoulder strength-endurance, 72 

poor stroke technique, and inconsistent/acute increases in training load as modifiable risk factors 73 

towards injury prevention. 74 

 75 

  76 
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INTRODUCTION 77 

Competitive swimming presents a significant risk for shoulder injury. Trinidad, et al. 1 reported 78 

that between 2010-2020, up to 76% of all swimming injuries involve the shoulder. Further, up to 96% of 79 

American college swimmers experience shoulder pain throughout a competitive season2. Due to this high 80 

prevalence, American high school swimmers consider shoulder pain a normal part of the sport (87% 81 

consider mild pain and 43% consider moderate pain normal)3.  82 

While comparative data is lacking, shoulder injury rates do not appear to be declining1. This 83 

could be the result of several factors including technique and training evolution, lack of appropriate or 84 

adherence to prevention protocols, and potentially misunderstood injury risk factors. Understanding the 85 

nuanced associations between proposed risk factors and injury could support practitioners to implement 86 

effective preventative strategies.  We recently conducted a systematic review on shoulder injury risk 87 

factors in competitive swimmers, none of the 80 variables exhibited a strong association with shoulder 88 

injury4. Two variables presented moderate supporting evidence, while seven displayed moderate evidence 89 

opposing an association with shoulder injury. The remaining variables showed inconclusive results: eight 90 

presented conflicting data, 19 with limited support, and 39 with limited opposing evidence. Table 1 91 

defines each strength of evidence category.  92 

The paucity of conclusive evidence likely necessitates practitioners to rely on 93 

personal/professional experience and anecdotal evidence when addressing injury risk. Previous reports 94 

suggest 52% (n=23) of elite swimming strength coaches use their anecdotal experience as their primary 95 

information source5. Within this context, there is a clear need to explore the gap between practitioner 96 

perspectives and systematic evidence. Here we defined the evidence-practice gap as a bi-directional 97 

relationship encompassing instances where practitioner’s beliefs misalign with the established 98 

literature/evidence and where research focus is misaligning with practitioner priorities.  99 

The purpose of this investigation was to identify evidence-practice gaps by: (i) gathering expert 100 

opinions of shoulder injury risk factors in competitive swimmers, then (ii) comparing these expert 101 

opinions to synthesised evidence resulting from our recent open access systematic review4.  102 

  103 
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METHODS   104 

To gather expert opinion regarding shoulder injury risk factors in competitive swimmers, we 105 

employed concept mapping which is a mixed-method approach that facilitates the gathering, sorting, and 106 

rating of opinions provided by domain specific experts6. This valid and reliable method7 has been used to 107 

explore expert beliefs regarding sports injury risk factors and prevention strategies8-10. Our concept 108 

mapping prompt and related rating questions were developed by researchers and approved by industry 109 

partners. The Griffith University Human Research Ethics Committee approved this study (2022/594). 110 

 111 

Participants 112 

Participants were expert swimming practitioners, including current elite swimmers and coaches, 113 

high performance support staff, and applied researchers. Any individual capable of obtaining and 114 

sustaining a role working/completing with senior national squad members (from any country) was 115 

deemed an expert given the competitive nature of such positions. Potential participants were recruited 116 

with the assistance of professional bodies (Swimming Australia and the Queensland Academy of Sport 117 

[QAS]), through advertisements on social media, and via direct emails to participants asking them to 118 

engage with the online data collection platform. Recruitment primarily targeted Australian swimming 119 

networks; potential participants were encouraged to disseminate the online survey link with their 120 

international professional network, regardless of location. Participant eligibility was cross-checked with 121 

their self-reported demographic information including age, sex, years in competitive swimming 122 

(including non-elite), role(s) in elite swimming, and relevant qualifications on the groupwisdomTM 123 

platform to ensure the inclusion criteria was met. Participants provided implied consent when they 124 

clicked on the “I agree” icon on the opening page of the online data collection platform. 125 

 126 

Procedures 127 

Consenting participants were instructed to complete the brainstorming phase via the online 128 

platform (Figure 1). Participants were prompted with the question “based on your experience, what 129 
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specific risk factors do you believe are contributing to shoulder injury in swimmers?” and invited to 130 

contribute as many statements as they wished while the data collection platform was open (September to 131 

October). Brainstorming continued until researchers were satisfied, through daily inspection of new 132 

responses by multiple researchers, that incoming responses were exclusively duplicates of previous 133 

responses. Researchers cleaned the de-identified raw statements by removing irrelevant or 134 

incomprehensible statements, splitting compound statements, eliminating redundancies, and 135 

consolidating similar statements to best convey the underlying concept. This standard concept mapping 136 

process6 was conducted through group conversations with all research team members present to ensure 137 

consensus and coherence in capturing the underlying concept. This process was repeated until a 138 

manageable number (i.e., that minimized the sorting and rating time burden for participants) of proposed 139 

risk factors that represented the breath of ideas generated by participants, were available to progress into 140 

the subsequent two steps6. 141 

All brainstorming phase participants received a second link to complete the sorting and rating. 142 

Additionally, the QAS and Swimming Australia aided with a second email invitation to prospective 143 

participants in their elite swimming programs who did not accept the initial invitation. For the sorting 144 

phase, participants were instructed to click-and-drag each proposed risk factor on to an online ‘sorting 145 

table’. They were asked to group similar risk factors together based on their content, without considering 146 

factors such as difficulty, importance, or feasibility. Participants were asked to aim to create 147 

approximately 5-20 groups and assign each group a descriptive name that represented its contents. 148 

Responses were excluded from analysis if sorting was based on anything except content (i.e., importance 149 

or modifiability). In the rating phase, participants rated importance and modifiability of each of the 61 150 

unique proposed risk factors, on a scale from 1 (least) to 10 (most). Participants were prompted with 151 

“how important do you think it is for this risk factor to be addressed in a shoulder injury prevention 152 

program for swimmers?” and “how confident are you that this risk factor can be modified in a shoulder 153 

injury program for swimmers?”. Participants could self-select which activity sorting, rating importance, 154 

or rating modifiability to complete first. 155 

INSERT FIGURE 1 156 
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 157 

Expert Opinion Data Analysis and Visualisation 158 

Following collection, the data were visually inspected to ensure participants complied with 159 

sorting and rating procedure instructions. This involved ensuring participants responded with variable 160 

ratings (i.e., not indicate “5” for all ratings), and that there were approximately 5-20 sorted groups based 161 

on content (not a value). GroupwisdomTM software was used for multidimensional scaling and 162 

hierarchical cluster analysis. The number of clusters represented in the final cluster-map was guided by 163 

researchers as per Kane and Trochim 6. During this standard step, researcher redrawing of cluster 164 

boundaries to locate statements to adjacent clusters was undertaken to improve the conceptual fit. A “Go-165 

Zone” figure (Figure 2) was used to visualise the relationship between mean importance and modifiability 166 

ratings of each proposed risk factor. A stress index was calculated to provide an indication of the 167 

agreement between the grouping data and the two-dimensional point map. A meta-analysis of concept 168 

mapping studies found an average value of 0.285 ±0.046. Lower values indicates a better fit between the 169 

participants sorting data and two-dimensional map, and represent a more simply structured and generally 170 

agreed upon conceptual phenomena6. 171 

 172 

Evidence-Practice Gap Analysis 173 

The evidence-practice gap analysis aimed to identify alignment or divergence between 174 

participant’s perceptions and current evidence (and vice-versa). The synthesised evidence was derived 175 

from our recently published systematic review of shoulder pain and injury risk factors in competitive 176 

swimmers4. The systematic review synthesised the evidence for 80 unique variables that had been 177 

previously investigated for an association with shoulder pain or injury in published original research. 178 

Individual studies were ranked on methodological quality using a modified Newcastle Ottawa Scale11. 179 

Next, all studies investigating the same variable were synthesised and the risk factor was categorised into 180 

either strong, moderate, limited, or conflicting evidence supporting/opposing an association with shoulder 181 

pain/injury. The criteria for each category was adopted from Asker, et al. 12 and can be found in Table 1. 182 
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Further detail regarding the systematic review’s methods can be found in the open access article4. 183 

Critically, this review was not publicly available at the time of data collection for the current study. 184 

Table 1 185 

Synthesised evidence criteria categories (adopted from McKenzie, et al. 4) 186 

Strong evidence 

Evidence provided by two or more high- quality studies and by generally consistent findings across 
these studies (≥75% of the studies reported consistent findings). 

Moderate evidence 

Evidence provided by one high- quality study and/or multiple studies of acceptable quality and by 
generally consistent findings (≥75% of the studies reported consistent findings). 

Limited evidence  

Evidence provided by one study of acceptable quality and/or one or more studies of borderline quality. 

Conflicting evidence  

Inconsistent findings in multiple studies (<75% of the studies reported consistent findings). 

 187 

Each proposed risk factor from the current study was cross-referenced with synthesised evidence 188 

by two researchers independently (AM and RD). Individual concept mapping statements could be paired 189 

with multiple investigated variables if, for example, a more generic statement (trunk strength and 190 

strength-endurance) aligned with multiple specific measures (e.g., trunk extension strength, ball-bridge 191 

test, and trunk flexion strength). Overlaps or divergences between statements and review findings were 192 

recorded, providing insight into the alignment and potential disconnection between current practice and 193 

existing scientific evidence. We calculated the grand mean rating for importance (6.2 ±0.4) and 194 

modifiability (6.5 ±0.5) for all risk factors combined and used these scores as thresholds to dichotomise 195 

proposed risk factors into either “high” (i.e., above the grand mean) or “low” (i.e., below the grand mean) 196 

perceived importance/modifiability for the purpose of discussion. The grand mean scores are represented 197 

in figure 3 and are commonly used to differentiate between quadrants in other concept mapping studies. 198 

 199 

Equity, Diversity, and Inclusion 200 
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Our team combines interdisciplinary expertise in exercise physiology, sports science, 201 

physiotherapy, and sport and social science, to solve a significant real-world problem that affects both 202 

males and females equally. The team consists of females and males, early career clinicians, practitioners, 203 

junior and senior researchers ensuring professional development through mentoring and collaboration 204 

with senior team members. Equitable recruitment was enabled through strategic collaborations with 205 

Swimming Australia and the Queensland Academy of Sport, we ensured that all professional staff, 206 

regardless of race, ethnicity, or culture, were invited and had an equal opportunity to participate without 207 

bias. Potential participants were not included or excluded based on sex; rather, all practitioners were 208 

invited equally. 209 

 210 

 211 

  212 
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RESULTS 213 

Participants 214 

Sixteen participants contributed brainstorming data before saturation was reached. Twenty-215 

three participants completed the sorting phase, 23 completed modifiability ratings, and 25 completed 216 

the importance ratings. Overall, 27 participants completed at least one activity in the sorting and 217 

rating phases. 218 

The sample was comprised of 21 male and 6 female participants (age = 40.8 ±9.3yrs, years in 219 

competitive swimming = 15.6 ±13.0yrs) and included participants from a variety of disciplines: 13 220 

physiotherapists, 6 strength and conditioning coaches, 6 swimming researchers, 2 current elite 221 

swimmers, 2 elite swimming coaches, 1 nutritionist, and 1 physician. Some participants held multiple 222 

roles. Four participants resided outside Australia during participation (Brazil, England, and Belgium). 223 

Brainstorming 224 

Participants contributed 126 risk factors during brainstorming. This was reduced to 61 unique 225 

statements for participants to consider in all subsequent sorting and rating activities following data 226 

cleaning and redundancy checking. 227 

Statement Sorting & Cluster Maps 228 

Two participants’ sorting data were removed due to non-compliance (grouping risk factors based 229 

on their perceived importance, rather than content). Researchers agreed a seven-cluster map best 230 

capsulated the proposed risk factors based on content and the average number of clusters created by 231 

participants (7.87 ±2.88 clusters/participant). These clusters, ordered from most-to-least important, 232 

were: injury history (8.72 ±1.57), land training (6.27 ±1.54), pool training (6.25 ±1.43), strength (6.25 233 

±1.28), biopsychosocial (6.24 ±0.99), motor control (6.04 ±0.86), and range of motion (5.92 ±0.81) 234 

(all data available in Figure 2 and Table 2). 235 

The 0.18 stress value indicates a good fit between the two-dimensional map and participants’ 236 

original sorting data6. This value also signifies a greater level of consensus between participants in the 237 

current study compared to other sports injury-related concept mapping investigations8-10. 238 
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INSERT FIGURE 2 239 

Table 2 All proposed shoulder injury risk factors in competitive swimmers with their perceived 240 

importance and modifiability. 241 

 ID Risk factor 
  

Importance Modifiability  Go-Zone 
Quadrant 
  

mean SD mean SD 

CLUSTER – Injury History 8.72 1.57 2.55 2.65 
 

61 previous shoulder injury/pain 8.72 1.57 2.55 2.65 2 
CLUSTER – Land Training 6.27 1.54 7.62 1.01 

 

55 inappropriate strength training (including loads 
and exercise selection) 

8.20 1.38 8.09 1.86 1 

38 insufficient tendon loading 7.16 2.10 7.96 1.46 1 
59 inconsistent/lack of shoulder prehab  7.08 2.41 8.17 1.99 1 
56 lack of dry-land training 6.92 2.14 8.48 1.31 1 
58 inappropriate application of prehab exercises 

(e.g., dry-land prehab) 
6.28 1.99 8.13 1.79 1 

54 inappropriate shoulder-specific cross-training 6.17 1.79 7.39 2.15 3 
57 lack of shoulder specific hypertrophy 5.24 2.49 7.45 2.06 3 
53 DOMS following resistance training  3.12 1.81 5.30 2.64 4 
CLUSTER – Pool Training 6.26 1.43 6.06 1.45 

 

43 inconsistent training load 8.84 0.75 7.43 2.48 1 
40 acute increases in swim training load 8.40 1.47 6.78 2.83 1 
31 poor stroke technique 7.84 1.84 6.52 2.52 1 
41 excessive high intensity swimming training 7.20 2.75 6.83 2.71 1 
44 progressing too fast from junior to senior 

squads  
6.80 2.31 5.48 3.07 2 

32 new technique alterations 6.48 1.94 6.04 2.62 2 
42 high absolute training load 6.24 2.39 6.64 2.66 1 
48 high km/week 6.04 2.39 5.95 3.06 4 
46 inadequate swimming-specific warm-up 5.80 2.20 7.86 1.91 3 
45 low generalised aerobic level 5.36 2.34 7.04 2.50 3 
47 young swimming training age 5.08 2.75 3.70 2.99 4 
34 use of hand paddles 4.68 2.53 6.74 3.03 3 
33 unilateral breathing during freestyle 4.64 2.16 5.30 3.04 4 
35 stroke specialty  4.24 2.07 2.52 2.25 4 
CLUSTER – Strength 6.25 1.28 7.57 0.51 

 

5 generalised rotator cuff strength-endurance  8.04 1.54 8.19 1.83 1 
3 poor strength-endurance overhead  7.64 1.80 8.17 1.11 1 
14 subscapularis weakness in the catch position 7.60 1.78 7.32 1.96 1 
11 posterior shoulder strength-endurance 7.48 1.76 8.39 1.03 1 
13 low scapulo-thoracic strength 7.00 1.76 7.41 1.89 1 
1 internal and external rotation strength 

imbalance 
6.72 2.28 7.73 1.91 1 

4 maximal external rotation strength 6.60 2.57 7.95 1.81 1 
6 maximal internal rotation strength 6.52 2.31 7.57 1.83 1 



12 
 

7 low long lever shoulder extension strength 
while overhead 

6.24 2.35 7.78 1.44 1 

15 trunk strength and strength-endurance 6.20 1.55 7.43 1.67 3 
12 low scapula retraction strength 6.12 2.60 7.74 1.86 3 
8 low maximal number of pull ups 4.56 2.42 7.52 1.78 3 
9 maximal neck extension strength 4.48 2.26 6.74 2.82 3 
10 neck extension strength-endurance 4.40 2.24 6.78 2.47 3 
2 lower limb strength and strength-endurance 4.20 2.16 6.83 2.50 3 
CLUSTER – Biopsychosocial 6.24 0.99 6.27 0.95 

 

52 inadequate recovery 7.48 1.78 7.35 2.55 1 
51 poor sleep (quality and quantity) 7.24 2.47 6.30 2.36 2 
60 lack of education indicating an acceptable 

level of pain to train through 
6.28 2.61 7.22 2.43 1 

49 Inadequate fuelling (nutrition) surrounding 
training 

6.24 2.49 6.55 2.79 1 

50 low energy availability (nutrition) 6.24 2.60 6.43 2.76 2 
37 rapid increase in body mass 5.72 2.26 5.35 2.48 4 
36 excessive adipose tissue 4.48 2.35 4.73 2.73 4 
CLUSTER – Motor Control 6.04 0.86 6.11 0.76 

 

17 poor shoulder motor control overhead 6.96 1.93 7.09 1.78 1 
16 poor activation patterns of the rotator cuff 6.56 2.29 6.35 2.39 2 
18 low scapulo-thoracic stability 6.44 2.24 6.41 2.22 2 
39 poor length-tension relationships of the 

shoulder (i.e., poor posture) 
5.16 2.48 5.17 2.37 4 

19 scapular dyskinesia 5.08 2.66 5.52 2.47 4 
CLUSTER – Range of Motion (ROM) 5.92 0.81 5.58 1.19 

 

23 limited internal rotation ROM   6.84 1.97 6.39 2.33 2 
24 limited internal rotation ROM while overhead 6.75 2.15 6.50 2.26 2 
27 limited total rotational ROM (internal + 

external range) 
6.72 2.17 6.36 1.84 2 

25 limited thoracic extension ROM 6.60 1.50 5.45 1.97 2 
26 limited thoracic rotation ROM 6.44 1.66 6.36 2.17 2 
22 limited external rotation ROM 6.24 2.20 6.09 2.22 2 
28 shoulder hypermobility 5.36 2.56 2.65 1.85 4 
21 limited abduction ROM 5.20 2.10 6.09 2.07 4 
30 shortened pec minor length at rest 5.16 1.99 5.65 2.21 4 
29 limited cervical ROM 5.08 2.06 5.83 2.37 4 
20 excessive external rotation ROM 4.72 2.28 4.04 2.38 4 

 grand mean (all statements) 6.22  6.52   

 242 

Statement Rating 243 

Figure 3 and Table 2 detail the mean perceived importance and modifiability ratings of each 244 

individual statement. Figure 3 (Go-zone) contains quadrants, quadrant 1 and 3 contain risk factors 245 
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above the grand mean for modifiability, whereas quadrants 1 and 2 contain risk factors above the 246 

grand mean for importance. Quadrant 1 contains the most modifiable and most important risk factors 247 

and quadrant 4 contains the least important and least modifiable proposed risk factors. 248 

Importance 249 

 “Inconsistent training load” (ID43) was perceived as the most important proposed risk factor 250 

to be addressed in a shoulder injury prevention program for swimmers, also exhibiting the lowest 251 

standard deviation (8.84 ±0.75). Conversely, “DOMS following resistance training” (ID53, 3.12 252 

±1.81) was perceived as the least important. The greatest standard deviation in importance ratings 253 

between participants appeared in both “Excessive high intensity swimming training” (ID41, 7.20 254 

±2.75) and “young swimming training age” (ID47, 5.08 ±2.75). 255 

 256 

Modifiability 257 

Confidence in the modifiability of proposed risk factors was greatest in “lack of dry-land 258 

training” (ID56, 8.48 ±1.31) and lowest for “specialty stroke” (ID35, 2.52 ±2.25) and “injury history” 259 

(ID61, 2.55 ±2.65). There was lowest standard deviation in participants’ modifiability ratings for 260 

“posterior shoulder strength-endurance” (ID11, 8.39 ±1.03) and lowest agreement for “progressing 261 

too fast from junior to senior squads” (ID44, 5.48 ±3.07). 262 

INSERT FIGURE 3  263 

 264 

Evidence-Practice Gap 265 

Eight of the 61 proposed shoulder injury risk factors were supported in the findings of our 266 

systematic review4 (1 = moderate evidence, and 7 = limited evidence), 12 had evidence showing no 267 

association with shoulder injury (4 = moderate, 7 = limited, 1 = combination of conflicting, limited, and 268 

moderate), seven had conflicting evidence, and 34 statements had not been investigated. Figure 4 displays 269 
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each proposed risk factor that also appeared in our systematic review, along with the corresponding 270 

synthesised level of evidence and the relating article(s) investigating each variable.  271 

INSERT FIGURE 4 272 

  273 
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DISCUSSION 274 

Our study introduced a novel method of gathering expert opinion on shoulder injury risk factors 275 

in competitive swimmers and comparing these practitioner beliefs to current evidence. Key findings 276 

indicate that of the 36 proposed risk factors rated as highly important, six showed supporting evidence, 277 

six had evidence opposing an association with injury, two had conflicting evidence, and the remaining 22 278 

are yet to be investigated (see figure 4). There is an evident evidence-practice gap in shoulder injury risk 279 

factors for competitive swimmers. 280 

Where practice and evidence align 281 

Eight proposed risk factors aligned with evidence supporting an association with shoulder injury 282 

(see Figure 4), six of these were perceived as highly important to address in prevention programs. The 283 

current low level of evidence in shoulder injury risk factors prevents strong practice guidelines being 284 

inferred. However, practitioners should consider addressing risk factors that are perceived as highly 285 

important, highly modifiable, and supported by the best available evidence.   286 

Posterior shoulder strength-endurance (ID11) was perceived as highly important, highly 287 

modifiable, and has been investigated in swimmers using “the posterior shoulder strength-endurance 288 

test”2 13. Further, lower strength-endurance during both external rotation and abduction have each been 289 

individually associated with injury14 and together contribute to the posterior shoulder strength-endurance 290 

test movement. When assessed in 201 junior competitive swimmers, every 1-repetition increase in 291 

posterior shoulder strength-endurance test score was associated with by a 5% in the odds of developing 292 

pain13. Using a modified version in 30 division-III college swimmers, test scores increased throughout the 293 

season, with researchers postulating this increase could have provided protection against injury2. The 294 

hypothetical protective mechanism, or lack thereof, has recently been discussed by Drigny and Gauthier 295 

15 and McKenzie, et al. 16. 296 

Poor stroke technique (ID31) was perceived as highly important and modifiable with supporting 297 

evidence. Although the proposed risk factor refers to poor stroke technique generally, a more medial hand 298 

entry position has been associated with shoulder injury13. Further, an investigation of the prevalence of 299 
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biomechanical errors in freestyle technique in 62 shoulders (on 31 swimmers with 11.3 ±1.41 years of 300 

competitive swimming experience) found that the most prevalent stroke errors were a dropped elbow 301 

during the pull-through phase (61%) and recovery phase (52%) which was postulated to increase the risk 302 

of impingement syndromes17. While participants suggested that poor stroke technique causes injury, this 303 

does not mean that “optimal” stroke technique removes injury risk. Conceptually, mechanically sound 304 

stroke technique will increase the tolerable training load, however, training load was also perceived as a 305 

highly important injury risk factor.  306 

Inconsistent training load (ID43) and acute increases in swimming training load (ID40) both 307 

exhibited high perceived importance and supporting evidence. Swimming training demands over 16,000 308 

strokes each week18, equating to millions over a career. The cumulative load on the shoulder is likely the 309 

main cause of the overuse tendinopathies typically seen in the swimmer’s shoulder19. The evidence 310 

supports the use of acute: chronic workload ratio as an injury predictor, with a 1-unit increase in this ratio 311 

leading to 4.3 times greater odds of injury13. However, swimming-specific practice guidelines for 312 

effective training load monitoring are limited20 21, with some researchers refuting the use of this ratio due 313 

to inherent statistical artefact22 23. In swimming, there is a complex interaction of total number of strokes, 314 

stroke intensity, and fatigue which are not yet being well understood or quantified. Nevertheless, 38% 315 

(n=31) of swimming practitioners perceived their training load monitoring strategies as “very” or 316 

“extremely effective” at preventing injury, and 92% reported using session rating of perceived exertion 317 

(sRPE) as a monitoring tool24. While literature is emerging25 26, sRPE has not yet been used when 318 

investigating shoulder injury risk indicating another evidence-practice gap in swimming’s training load 319 

monitoring strategies4 21 24.  320 

Poor activation patterns of the rotator cuff (ID16) also exhibited high perceived importance and 321 

moderate supporting evidence. Evidence suggests that swimmers with a painful shoulder will recruit 322 

shoulder musculature differently to un-injured swimmers27-29. However, due to study designs, we are 323 

unable to ascertain if the differences in activity have occurred prior to or following the injury. 324 

The final risk factor with high perceived importance and supporting evidence was injury history 325 

(ID61). Although non-modifiable, previous injury has been shown to increase future risk by up to 11.3 326 
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times30. Therefore, we recommend practitioners consider injury history when formulating targeted injury 327 

prevention strategies and highlight the need for primary prevention.  328 

Six proposed risk factors in our study exhibited low perceived importance and evidence reporting 329 

a lack of association with shoulder injury. These are low scapular retraction strength (ID12), limited 330 

abduction ROM (ID21), scapular dyskinesis (ID19), excessive external rotation ROM (ID20), unilateral 331 

breathing side (ID33), and stroke specialty (ID35). Excluding low scapular retraction strength (ID12), all 332 

these factors were perceived to have low modifiability. Given these findings, we recommend practitioners 333 

carefully consider whether continued monitoring efforts for these proposed risk factors align with their 334 

overall injury prevention strategies.  335 

 336 

The evidence-practice gap – Where experts and evidence disagree. 337 

An evidence-practice gap is apparent in the bottom tier of Figure 4, where highly important 338 

proposed risk factors have evidence opposing an association with shoulder injury. The evidence-practice 339 

gap is clear for low scapula-thoracic strength (ID13), limited internal rotation ROM (ID23), maximal 340 

external rotation strength (ID4), maximal internal rotation strength (ID6), high absolute training load 341 

(ID42), and limited external rotation range of motion (ID22). Due to the limited-to-moderate quality 342 

evidence for the investigated risk factors, the current evidence is insufficient to refute the opinions of the 343 

expert practitioners involved in our study. To establish greater certainty for all variables, regardless of 344 

current direction of association, additional prospective research is imperative. 345 

An evidence-practice gap is also evident by the lack of proposed risk factors with high perceived 346 

importance that have not been investigated in the literature. Twenty-two (61%) highly important 347 

proposed risk factors have not been investigated in the literature, indicating a misalignment of practitioner 348 

and researcher priorities. Some of which are unable to be assessed using our current technologies and 349 

understanding (e.g., ID’s 38 and 60), whereas others are relatively easy for researchers to assess and 350 

simply highlight the need for variables to be assessed in a more swimming-specific position (ID’s 3, 7, 351 

14, and 17).  352 
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Greater collaboration is needed between swimming associations, coaches, athletes, practitioners, 353 

and researchers to bridge the evidence-practice gap. Our study suggests future research is needed to 354 

(re)evaluate perceptively important risk factors, facilitating authentic practice-driven research. Prioritizing 355 

research involving risk factors that experts perceive as being the most important is essential. In the 356 

context of developing injury prevention strategies, this prioritization could be further refined to focus on 357 

proposed risk factors that are perceived to be highly importance and modifiability regardless of the 358 

current level of evidence, i.e., risk factors in quadrant 1 (Q1) of Figure 3. This approach is transferable 359 

across sports, urging sports medicine researchers in other disciplines to adopt similar methodology for 360 

impactful research. Additionally, translating research findings to professionals using innovative strategies 361 

becomes pivotal, as the traditional model of dissemination through journal publications appears to be 362 

ineffective in swimming, as evidence by the evidence-practice gap. 363 

 364 

Limitations 365 

Reflecting on the concept mapping process, we suggest researchers initially contribute all 366 

previously investigated risk factors into the brainstorming phase while also allowing experts to contribute 367 

their ideas. This addition will ensure all previously investigated, and identified, risk factors will be 368 

considered by participants. 369 

Turning to the study findings, it is important to recognise that expert opinion is fundamentally 370 

low-level evidence31. Therefore, practice guidelines should not be created solely based on these results. 371 

However, this study can inform clinical decision making and future research directions. Secondly, the 372 

experts involved were primarily male Australian-based physiotherapists and strength coaches which may 373 

have limited the diversity of opinions. Future research should aim to include a more balanced 374 

representation of genders to ensure a wider range of insights. Additionally, conducting studies with 375 

swimming organisations that have access to different resources could further diversify the outcomes and 376 

strengthen the overall conclusions. Unfortunately, this study was under-powered to investigate 377 

differences between professions/disciplines. Further, there may have been inter-subject variability in how 378 

each statement was perceived, for example the high standard deviation for the relative importance rating 379 
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of “poor activation patterns of the rotator cuff” (ID 16) could have been due to different interpretations of 380 

the statement. Finally, this study exclusively evaluated injury risk factors, so any suggestion to reduce 381 

monitoring of a specific measure is made for the purpose of injury prevention, not performance. 382 

 383 

CONCLUSION 384 

Our investigation highlighted three key risk factors – low posterior shoulder strength-endurance, 385 

poor stroke technique, and inconsistent/acute increases in training load that exhibited high perceived 386 

importance, high perceived modifiability, and supporting evidence. Therefore, we recommend swimming 387 

practitioners prioritize the monitoring and addressing of these risk factors within their injury prevention 388 

strategies.  389 

Furthermore, our study underscores the value of combining expert opinion with current evidence, 390 

particularly in situations where prevalent practical issues are investigated using low methodological 391 

quality. Researchers are encouraged to (re)evaluate the risk factors presented in quadrant 1 (Q1) of Figure 392 

3 using high-quality prospective studies. This innovative approach offers a more comprehensive 393 

evidence-based understanding of the potential impact these factors have on injury prevention in 394 

competitive swimming.  395 
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FIGURE & TABLE CAPTIONS 396 

Figure 1. Schematic diagram and timeline of concept mapping procedures. 397 

Table 1. Synthesised evidence criteria categories (adopted from McKenzie, et al. 4) 398 

Figure 2. Seven-cluster map of variables perceived to be shoulder injury risk factors in competitive 399 

swimmers. 400 

Note: the grey dashed lines indicate the original cluster solution before researchers re-drew cluster 401 

boundaries based on the reassignment of some statements. 402 

Table 2. All proposed shoulder injury risk factors in competitive swimmers with their perceived 403 

importance and modifiability.  404 

Figure 3. Go-Zone graph indicating the mean perceived importance (X-axis) and modifiability (Y-axis) 405 

for each proposed shoulder injury risk factor. 406 

Note: Colours indicates cluster as per Figure 2. 407 

Figure 4. Swimming’s evidence-practice gap regarding shoulder injury risk factors. 408 

Note: The bar graph (left side) illustrates the perceived risk factors identified through concept mapping. 409 

The dots (right side) and text, with references, are the risk factors previously investigated and synthesised 410 

in our systematic review 4. Hypothetically, a risk factor with 10/10 importance (bar graph) and strong 411 

supporting evidence (dots), would indicate 100% agreement between practice and evidence. The (N = __) 412 

indicates the total number of swimmers included in the studies investigating the listed risk factor. Pec. = 413 

pectoralis, IR = internal rotation, ROM = range of motion, ER = external rotation, sEMG = surface 414 

electromyography. 415 

  416 
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