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ABSTRACT 1 

 2 

The aims of the present study were to: i) analyse the between-session reliability of dry-3 

land and in-water tests, and ii) investigate the prevalence of meaningful asymmetries in 4 

swimming athletes. Twenty-eight swimmers (21 males, 7 females) performed 5 

anthropometric, shoulder range of motion (ROM), countermovement jump, shoulder 6 

isokinetic torque, and 15-s tethered swimming tests two times, one week apart. Inter-limb 7 

asymmetries were calculated for each variable. Raw data reliability was determined using 8 

the intraclass coefficient correlation (ICC) and the typical error of measurement (TEM), 9 

and effect size (ES) was used to determine systematic bias between test sessions. At an 10 

individual level, inter-limb asymmetries were compared to the coefficient of variation 11 

(CV) to determine whether they were real. The between-session reliability was good to 12 

excellent (0.75 to 1.00) for most of the raw data, except for ROM. Between-session ES 13 

was predominately “trivial” or “small” for raw data and asymmetries, reinforcing that the 14 

values did not change significantly between the sessions. In addition, real asymmetries 15 

were seen in some tested metrics, depending on the test. In conclusion, the tested variables 16 

presented good levels of between-session reliability and were able to detect real and 17 

consistent asymmetries.  18 

 19 

Key words: Swimming; side-to-side differences; performance; biomechanics. 20 

 21 

Word count: 5979 22 
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INTRODUCTION 23 

 24 

Inter-limb asymmetries can be defined as the difference between the body sides in terms 25 

of function, performance or morphology (Bishop et al., 2018; Maloney, 2018). In athletes 26 

of acyclic sports (e.g., racket sports), where one limb is frequently used more than the 27 

other, the presence of side-to-side anatomical/functional differences, is somewhat 28 

expected (Maloney, 2018). On the other hand, in cyclic sports like swimming one may 29 

expect a similar contribution from both limbs (Carvalho et al., 2019; dos Santos et al., 30 

2013). This equivalent “work” of the limbs in swimming allows body alignment to be 31 

maintained (Sanders et al., 2015), minimizing drag (Sanders et al., 2011), and decreasing 32 

intra-cyclic velocity variation (Barbosa, 2010). In turn, it is thought that this could 33 

contribute to the absence of significant asymmetries and perhaps to the optimization of 34 

swimming performance (dos Santos et al., 2013; Morouço et al., 2015), although some 35 

studies have failed to corroborate this (Santos et al., 2020; Knihs et al., 2023). 36 

 While some studies have reported no meaningful asymmetries in swimmers upper 37 

and lower limbs (Carvalho et al., 2019; Morais et al., 2021; Psycharakis et al., 2021; 38 

Secchi et al., 2011), others have reported the presence of notable inter-limb differences in 39 

swimming athletes for physical characteristics such as upper limb muscle power (Potts et 40 

al., 2002), upper limb range of motion (Pereira et al., 2019), and even in tethered 41 

swimming tests (Barbosa & Andries Júnior, 2011; dos Santos et al., 2013; dos Santos et 42 

al., 2014; Morouço et al., 2015). Furthermore, it is hypothesised that the presence of 43 

asymmetries in swimmers can be a result of the often one-sided breathing action, training 44 

practice, injury history, chosen technique, and/or limb dominance or laterality (Maloney, 45 

2018; Sanders et al., 2011; Seifert et al., 2005). 46 

It is important to note that different methods have been used to analyse 47 

asymmetries in swimming. Both dry-land and in-water tests have been utilised (Carvalho 48 

et al., 2019; dos Santos et al., 2017), which provide an understanding of inter-limb 49 

differences in both physical capacity and the sport itself, respectively. Additionally, a 50 

recent scoping review analysed 60 studies about asymmetries in swimmers and noticed 51 

that between-limb side differences were determined through a variety of methods such as 52 

percentage calculations and statistical comparisons (Knihs et al., 2023). Naturally, when 53 

a variety of testing methods are utilised, a range of results are provided across the 54 

literature, making study comparisons somewhat challenging, and precluding a definitive 55 

conclusion from being reached about the relevance of asymmetry in swimming. Since 56 
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statistical methods are influenced by factors such as sample size and metric variability 57 

and percentage methods should not use unique cut-off value to state a meaningful 58 

asymmetry (Bishop et al., 2021; Bishop et al., 2016; Knihs et al., 2023), another method 59 

should be used to determine the prevalence of meaningful asymmetries. Further to this, a 60 

plethora of research has outlined the requirement to determine whether an asymmetry is 61 

“real” by comparing it against the measurement error of the test (i.e., coefficient of 62 

variation [CV]) (Bishop et al., 2021; Exell et al., 2012; Phukan et al., 2021). That is, for 63 

an asymmetry to be considered "real" it has been suggested that the inter-limb percentage 64 

difference value (e.g., 12% asymmetry) must be higher than the intra-limb variability 65 

(e.g., 5% CV) (Bishop et al., 2021). However, to the authors’ knowledge, this approach 66 

has not been utilised in swimming, to determine whether asymmetries are meaningful 67 

(Knihs et al., 2023).  68 

 Physical abilities such as strength, power, stroke propulsion, speed and range of 69 

motion are mentioned as important factors for swimming performance (Pyne & Sharp, 70 

2014; Smith et al., 2002). Naturally then, investigating inter-limb asymmetries in these 71 

test measures is also relevant. Asymmetries have repeatedly been shown to be task-72 

specific (Bishop et al., 2018). Thus, a test battery involving in-water and dry-land tests, 73 

that can provide the performance status of the athlete for the aforementioned physical 74 

capacities, and subsequent inter-limb differences, could be helpful in understanding the 75 

athlete’s profile, as a whole. The first step to accurately determine asymmetries is to 76 

analyse the reliability of the raw data that will be used to calculate them, since it may 77 

affect the asymmetry results. Specifically, stronger reliability in the raw data may help to 78 

reduce the associated “noise” in the subsequent asymmetry calculation (Bishop et al., 79 

2019). That is, since asymmetry is composed of two raw metrics, greater variability in the 80 

raw data may become magnified further, when a relative percentage difference is 81 

calculated, as shown by Bishop et al., (2021b), when comparing peak force and rate of 82 

force development asymmetries, during the isometric squat test. To the author’s 83 

knowledge, only the between-session reliability of the tethered swimming test variables 84 

has been previously investigated in swimmers (Amaro et al., 2014; Nagle et al., 2021). 85 

With this in mind, investigating the between-session reliability of an appropriate physical 86 

testing battery in swimmers is warranted, with the purpose of identifying the prevalence 87 

of “real” asymmetries in this sport. In addition, it also seems relevant to investigate 88 

whether the reliability of in-water and dry-land tests are similar, since one is swimming-89 

specific and the other tests are a general measure of physical capacity. 90 
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Therefore, the aims of the present study were to: i) analyse the between-session 91 

reliability of dry-land and in-water tests which can be used to measure inter-limb 92 

asymmetries in swimmers, and ii) investigate the prevalence of “real” asymmetries in 93 

swimming athletes. The hypotheses were that: i) all tests would present at least a good 94 

reliability (e.g., ICC ≥ 0.75) with some differences evident between metrics, and ii) that 95 

most athletes would present asymmetries higher than the variability in at least one metric, 96 

in each test.  97 

 98 

MATERIALS AND METHODS 99 

 100 

Experimental Approach to the Problem 101 

This study was conducted to assess between session (test–retest) reliability of asymmetry 102 

variables in dry-land (anthropometric, range of motion, countermovement jump and 103 

isokinetic torque) and in-water (tethered swimming) tests, with assessments performed in 104 

the same manner, one week apart. Both limbs (right and left) were tested in all evaluations 105 

for the subsequent calculation of inter-limb asymmetries.  106 

 107 

Participants 108 

The sample was composed of 28 swimming athletes, 21 males (age: 20.7 years ± 6.0, 109 

body mass: 74.4 ± 11.6 kg, height: 180.9 ± 7.6 cm, body fat: 11.1 ± 3.9 %) and seven 110 

females (age: 16.0 ± 1.3 years, body mass: 61.3 ± 9.2 kg, height: 167.8 ± 8.2 cm, body 111 

fat: 19.3 ± 1.7 %). The number of participants was previously calculated in GPower 112 

software to obtain a statistical power of 80%, with an alpha (α) of 0.05, and effect size of 113 

0.5 (n = 27). The athletes had a training history of 8.2 ± 4.8 years and no injury history in 114 

the three months before testing. Swimmers were training 5.8 ± 0.5 days a week, for 103.6 115 

± 17.5 minutes per session, completing a mean distance of 4166 ± 1272 m per session. 116 

The competitive level of the athletes varied between regional (n = 6) and national (n = 117 

22) levels. Most athletes considered the right side as their preferred hand (71.4%) and 118 

foot (75%) use, based on the answers of the Edinburgh Handedness Inventory (Espírito-119 

Santo et al., 2017) and the Waterloo Footness Questionnaire – Revised (Camargos et al., 120 

2017), applied on the native language of the participants. This study was approved by the 121 

Federal University of Santa Catarina ethics committee (CAAE: 65671322.7.0000.0121). 122 

After being informed about the risks and benefits of the research, the athletes and their 123 
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parents (when < 18 years old) signed a written informed consent to participate in this 124 

study.  125 

 126 

Procedures 127 

Participants were tested in four sessions, two in the first week (test) and two in the second 128 

(retest). On the first day, the swimmers started by answering a questionnaire addressing 129 

issues related to swimming practice, injury history, and hand and foot preference, and 130 

performed the dry-land tests. On the second day, the in-water tests were performed. The 131 

testing days were performed with at least 24 hours of intervals between them. In the 132 

second week, the procedures of the first and second days were repeated, aiming to assess 133 

the inter-session reliability of the measurements. The testing protocols are described 134 

below. 135 

 136 

Anthropometric measurements: Anthropometric measurements were performed 137 

according to the protocol proposed by the International Society for the Advancement of 138 

Kinanthropometry (ISAK) (Stewart et al., 2011), by an ISAK qualified evaluator. Body 139 

mass, height and wingspan were measured using a scale, a stadiometer and a measuring 140 

tape fixed to the wall, respectively. The lengths of the upper limb, arm, forearm, hand, 141 

lower limb, thigh, and leg; arm, forearm, mid-thigh, and calf perimeters; and the 142 

diameters of the elbow, wrist, knee and ankle, were measured on both sides of the body. 143 

The instruments used to measure lengths, perimeters and diameters were a segmometer, 144 

a flexible metallic measuring tape and a small calliper (CESCORF, Porto Alegre, Brazil), 145 

respectively. Two measurements of each variable were taken.  146 

 147 

Shoulder range of motion (ROM): The ROM of the participants' shoulders was assessed 148 

using a mobile application (RateFast Goniometer – Alchemy Logic Systems). The active 149 

ROM of flexion, extension, abduction, external rotation, and internal rotation of the 150 

shoulder was evaluated in a standing (flexion and abduction) or lying position (extension, 151 

internal/external rotation). On the arm segment (considered in shoulder flexion, 152 

extension, and abduction movements), the anatomical references used to position the 153 

device with the application were the acromion and the lateral epicondyle of the humerus. 154 

The mobile was positioned in the middle of these references, perpendicular to the 155 

segment, in the lateral or posterior face of the arm, depending on the movement. On the 156 

forearm segment (considered in external/internal rotation movements) the anatomical 157 
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references used to position the mobile were the radial head and the ulnar head. The device 158 

with the application was positioned perpendicularly to the segment, in the middle of these 159 

references, in the medial face (based on anatomical position) of the forearm. After the 160 

positioning of the smartphone on the segment, the participant was requested to perform 161 

the mentioned movements. The ROM was evaluated following the interpretation of the 162 

Goniometry Manual standardisation (Marques, 2003), and adapting it to the use of the 163 

smartphone with the application. Figure 1 illustrates the measurements. Any movement 164 

that resulted in body compensation was repeated to avoid super-estimated measures. A 165 

previous familiarisation with the movements was performed by the athletes, composed of 166 

two attempts of each movement on each body side. Then, two official measurements of 167 

each movement were taken. 168 

 169 

Figure 1 about here 170 

  171 

Countermovement jump (CMJ): The CMJ test was chosen to provide a measurement of 172 

the lower limb’s capacity to produce force ballistically (Bosco, 2007). It is a widely used 173 

test (Claudino et al., 2017; Dal Pupo, et al., 2012; Phukan et al., 2021) with a movement 174 

pattern easy to execute by the athletes. A warm-up of five minutes on an ergometric 175 

bicycle at 75W was performed before testing. Then the participants were familiarised with 176 

the CMJ, performing two sets of 10 hopping jumps, three to five submaximal CMJs, and 177 

at least one CMJ near to the maximum effort. An evaluator judged if the jump pattern was 178 

of a sufficient quality by checking that: i) hands remained on the waist during the jump, 179 

ii) the trunk remained relatively erect during the flight phase of the jump, iii) the lower 180 

limbs remained extended during the flight phase of the jump, and iv) performing the 181 

transition between the eccentric and concentric phases in a continuous way. For testing, 182 

the participants were positioned over two AMTI force platforms (OR6-7-OP-2000, USA 183 

- 2000 Hz), spaced 10 cm apart, with a lower limb on each platform. From this position, 184 

the jump was performed bilaterally as follows: in an orthostatic position, with hands on 185 

the waist and feet shoulder-width apart, the athlete performed a maximum jump preceded 186 

by an eccentric preparatory movement in a self-selected depth to avoid unnecessary 187 

alterations to natural jump coordination patterns.  Each swimmer performed three CMJs, 188 

with an interval of 1 minute between attempts. 189 

 190 
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Shoulder isokinetic torque: The isokinetic torque test is considered the gold standard to 191 

measure torque (i.e. strength), the isokinetic torque test allows the measurement of 192 

strength in movements involving specific muscular groups relevant for swimmers 193 

(Carvalho et al., 2019), such as shoulder internal and external rotators, and shoulder 194 

extensors. In addition, shoulder strength measured during an isokinetic test has previously 195 

shown moderate to large relationships with swimming performance (defined by FINA 196 

points) (r = 0.39-0.72) (Wiażewicz & Eider, 2021). In the present study, the isokinetic 197 

torque evaluation was performed on an isokinetic dynamometer (Biodex System 4, 198 

Biodex Medical Systems, NY, USA – 100 Hz), calibrated according to the manufacturer's 199 

instructions. For internal/external rotation data collection, participants were seated, 200 

stabilised with straps to avoid compensatory movements, with the shoulder abducted at 201 

70º in the plane of the scapula (approximately 30º ahead of the frontal plane), and the 202 

elbow flexed at 90º. The ROM considered were from 0° to 70°, with 0° being considered 203 

the beginning of internal rotation and 70° being the end of internal rotation/beginning of 204 

external rotation (Detanico et al., 2015). To evaluate the shoulder extensors, the athletes 205 

were lying in ventral decubitus on a stretcher, with the shoulder joint aligned to the axis 206 

of the equipment. The upper limb was positioned forward, in approximately 140° of 207 

shoulder flexion (considering the anatomic position 0°), and the participant performed the 208 

extension movement with the forearm supinated. The range of motion considered was 209 

from 140° to 20°, that is 120° of movement amplitude, simulating the propulsive phase 210 

of the front crawl stroke (Maglischo, 2010) and respecting the instrument limitations. 211 

Initially, there was a standardised warm-up, performed prior to testing each of the 212 

evaluated movements, on each of the body sides, to lubricate the joints and familiarise 213 

the athletes. The evaluation protocol consisted of performing four maximum concentric 214 

contractions, for the shoulder internal and external rotators, and four maximum concentric 215 

contractions for the shoulder extensors. The angular speed was 180º·s-1 (Perrin et al, 1987; 216 

Sanders et al., 2015), and the interval between the different conditions was approximately 217 

5 min. The test order between the body sides was randomised, but the muscle group order 218 

was always the same (internal/external rotators first, extensors then), for logistical testing 219 

purposes. 220 

 221 

Propulsive force at swimming: The tethered swimming test was chosen for being an 222 

accessible, low cost and specific test, that enables a direct measurement of the propulsive 223 

forces of each arm during swimming, and their subsequent asymmetries (dos Santos, et 224 
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al., 2013; Santos et al., 2021). In addition, although some discrepancies between tethered 225 

swimming and free swimming are expected (e.g., differences in hand trajectory and 226 

disregard of water resistance), the test has been reported to be correlated to the front-227 

crawl performance (Morouço et al., 2011) and used in previous studies (dos Santos et al., 228 

2013; Morouço et al., 2015; Carvalho et al., 2019). The swimmers performed the in-water 229 

test in a 25-m heated pool. First, the athletes performed a standard warm-up used prior to 230 

competitions, which consisted in general of 300m front crawl swimming, 300m of 231 

corrective swimming exercises, 200m of kick exercises, and 200m of velocity progressive 232 

exercise. The warm-up varied slightly between the athletes with different specialities 233 

(50m x 800m, for example). Then, the swimmers were tied around the waist to an 234 

inextensible rigid cable (3 m), which was connected to a load cell (AEPH do Brasil, SP, 235 

Brazil – 200 kg) securely tied to the starting block at the edge of the pool. The load cell 236 

was connected to a Miotool signal acquisition system (Miotec Equipamentos Biomédicos 237 

Ltda., Porto Alegre, Brazil – 2000 Hz), which provided the propulsive force curve 238 

generated during swimming, for each of the upper limbs, through the Miotec software. 239 

Additionally, a manual synchroniser was triggered in every right-side stroke to create a 240 

pulse in the right side curve for posterior identification and analysis. Before testing, the 241 

athletes were familiarised with the equipment, swimming tethered until they felt familiar 242 

enough to perform their maximum performance. Then, after an interval, each participant 243 

performed three maximum attempts of 15 s of front crawl tethered swimming, with 244 

intervals of 5 min between attempts (which was the test itself). The use of lower limbs 245 

was not controlled, as well as breathing action. 246 

 247 

Data Analysis  248 

 249 

 The ground reaction force (GRF) curves of each leg obtained during the vertical 250 

jump test were extracted from the NEXUS software and analysed through a mathematical 251 

routine in the MATLAB software. The curves were filtered using a low-pass, 4th order 252 

Butterworth filter with a cut-off frequency of 10 Hz (Suchomel et al., 2015). After, it was 253 

determined the beginning of the jump, considered the moment in which the GRF 254 

decreased (5%) in relation to baseline values (subject standing still) and the end of jump 255 

considered the last instant before the individual starts the fly phase. The following 256 

variables were calculated : a) Peak and Mean GRF: it was considered the maximum and 257 

the mean value of the GRF curve during the propulsive phase; b) rate of force 258 
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development (RFD): the mean slope of the force-time curve in the time interval from the 259 

moment that GRF presents values greater than the body mass (positive acceleration) until 260 

the end of the propulsive phase; c) vertical net impulse: it was calculated the area of GRF 261 

from the moment when it presents values greater than the body mass until the end of the 262 

propulsive phase. Net vertical impulse was calculated by removing the vertical impulse 263 

exerted through acceleration due to gravity and then divided by the subjects’ body mass 264 

to determine relative net vertical impulse; d) power output: it was obtained multiplying 265 

the GRF by velocity (obtained by integration of GRF) during propulsive phase of the 266 

jump. The peak and mean values of power curve were analysed; e), jump height was 267 

calculated by integration of velocity, obtaining the displacement of center of mass curve 268 

(Dal Pupo et al., 2012). A mean of the three curves was used for subsequent statistical 269 

analysis.  270 

The torque curves were collected using the BIODEX software and then analysed 271 

in a specific mathematical routine in the MATLAB software. The curves were filtered 272 

using the same filter as GRF curves. The mean and peak torque, of each muscle group 273 

(shoulder internal rotators, external rotators, extensors), on each of the body sides, were 274 

analysed. The peak torque was considered the highest value on the curve, while the 275 

average torque was considered the average value on the curve. The mean of the best three 276 

curves in each situation was used for statistical analysis. 277 

 For the tethered swimming test, the data was analysed according to dos Santos et 278 

al. (2017), being treated and analysed by a mathematical routine implemented in the 279 

MATLAB software (Mathworks Inc., USA). First, the force curves were filtered with a 280 

2nd order Butterworth low-pass filter, with a cutoff frequency of 15 Hz. Three curves on 281 

each side of the body were manually selected in each attempt. Each curve is equivalent 282 

to a stroke, defined from the moment the force rises abruptly until it reaches its lowest 283 

value. The following variables were calculated in each stroke: a) peak force: it was 284 

considered the highest value of the resulting force (considering the angle of the cable in 285 

relation to the water level/horizontal plane); b) the mean values of the force curve; c) 286 

Impulse: it was calculated by integrating the area of the force-time curve for each stroke; 287 

d) RFD: it was considered the slope of the curve, in the corresponding range from 20 to 288 

80% of the peak force. A mean was calculated between the three selected strokes for each 289 

body side to represent the attempt mean. Then, the mean of the three attempts was 290 

considered for statistical analysis. 291 
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 Asymmetries were calculated using a percentage difference equation: 100 / 292 

(maximum value) * (minimum value) * -1 + 100 (Bishop et al., 2020). Only for 293 

identification purposes, a negative sign was added to those whose left side was favoured, 294 

to show the direction of asymmetry without changing the magnitude. The asymmetries 295 

were calculated for each attempt in each test, and then a mean between the two or three 296 

attempts (depending on the test) was calculated to represent a mean value for each 297 

specified metric, for each athlete.  298 

 299 

Statistical Analysis  300 

Initially, descriptive statistics of the data were calculated (mean and standard deviation). 301 

The between-session reliability of measurements was verified for the raw variables by 302 

consistency (a two-way random intraclass correlation coefficient [ICC] with 95% 303 

confidence intervals [CI]) and agreement (typical error measurement [TEM] with 95% 304 

CI). The following classification for ICC was considered: < 0.50 poor; 0.50-0.75 305 

moderate; 0.75-0.90 good; and > 0.90 excellent (Koo & Li, 2016). Additionally, effect 306 

size (ES) analysis was performed ([(Mean 1 – Mean 2) / SD pooled)] to determine 307 

whether any systematic bias was present between test sessions, with results classified as 308 

< 0.2 trivial; 0.2 - 0.6 small; 0.6 - 1.2 moderate; 1.2 - 2.0 large; 2.0 - 4 very large; and > 309 

4.0 near perfect (Hopkins et al., 2009). 310 

The coefficient of variation (CV) of the absolute variables was calculated through 311 

the equation: CV = (SD (attempts 1 and 2)/mean (attempts 1 and 2)) * 100, for each body 312 

side. Additionally, the CV value was used as a sensitivity measure in relation to 313 

asymmetry scores, in which inter-limb percentage differences greater than the CV were 314 

considered “real” (Bishop, 2021; Bishop et al., 2021; Exell et al., 2012). The higher CV 315 

value (from the right or left side) was used to compare with the asymmetry value and 316 

determine the “real” asymmetries. Finally, levels of agreement for the direction of 317 

asymmetry (between test sessions) were verified using the Kappa coefficient test. Values 318 

were interpreted as < 0 = poor, 0.01–0.20 = slight, 0.21–0.40 = fair, 0.41–0.60 = moderate, 319 

0.61–0.80 = substantial, and 0.81– 0.99 = almost perfect (Vieira & Garrett, 2005). JASP 320 

software and an available spreadsheet for analysis of reliability (Hopkins, 2015) were 321 

used to perform the necessary statistical tests. 322 

 323 

RESULTS 324 
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The mean absolute raw values of the right and left sides for both sessions can be seen in 325 

Table 1. The between-session effect size showed that all variables had only trivial effects, 326 

except for hand length (left side) which presented a small effect. In general, this reinforces 327 

that the data measurement presented no systematic bias between sessions. 328 

 329 

Table 1 about here 330 

 331 

 332 

Table 2 shows the results of the between-session (test-retest) reliability tests, for 333 

right and left sides. The relative reliability (ICC) of all variables was classified as good 334 

or excellent, except for shoulder abduction ROM (both sides) and shoulder internal 335 

rotation ROM (right side) whose reliability was classified as moderate. Specifically, all 336 

the torque and anthropometric variables (both sides) presented excellent consistency 337 

between the test and retest sessions, as the force variables of the swimming test.  338 

 339 

Table 2 about here 340 

 341 

Table 3 presents the mean asymmetry values for each test session, as well as the 342 

effect size between the sessions and the consistency of the asymmetry direction between 343 

the sessions. The swimming test variables showed the highest asymmetry values (11.5 to 344 

28.5 %), while the anthropometric measures presented the lowest ones (0.4 to 2.2 %). The 345 

between-session asymmetry effect size was classified as trivial or small for all variables, 346 

indicating that the values remained similar between the sessions. The higher effect size 347 

was for forearm length (ES = 0.59), showing a tendency to a smaller asymmetry in the 348 

retest session.  349 

In Table 3 we also can see the level of agreement of swimming test variables 350 

asymmetry’s direction between the sessions. Substantial to nearly perfect agreement was 351 

verified between the sessions, pointing out that the asymmetries favoured the same side 352 

on both days. On the other hand, the torque and ROM variables presented only slight to 353 

fair agreement with some variables presenting ‘poor’ levels of agreement, indicating that 354 

the asymmetries favoured distinct sides in each session. Countermovement jump and 355 

anthropometric variables presented mixed asymmetry direction classifications, showing 356 

that some asymmetries were consistent in terms of side, while others were not. 357 

 358 
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Table 3 about here 359 

 360 

Lastly, the individual values of asymmetry and coefficient of variation for each 361 

variable are presented in Figures 2 to 5. Figure 2 (panels a-d) shows the individual 362 

asymmetries (grey bars) and CVs (black dots) for the swimming test variables. It was 363 

observed that most of the swimmers showed asymmetries greater than the CVs for peak 364 

force (n = 24; 85.7%), mean force (n = 21; 75.0%), RFD (n = 20; 71.4%), and impulse (n 365 

= 22; 78.5%), indicating the prevalence of real asymmetries.  366 

 367 

Figure 2 about here 368 

 369 

 The individual asymmetries and CVs of torque variables are shown in Figure 3 370 

(panels a-f). While for EXT peak torque, most athletes showed asymmetries higher than 371 

the CV (n = 18; 64.3%), for ER peak torque, that happened for only half of the participants 372 

(n = 14; 50.0%). In addition, most athletes present asymmetry values lower than the 373 

variable CV (i.e. not real asymmetries) in IR peak torque (n = 17; 60.7%), ER mean torque 374 

(n = 15; 53.6%), IR mean torque (n = 17; 60.7%), and EXT mean torque (n = 16; 57.1%).  375 

 376 

Figure 3 about here 377 

 378 

Individual asymmetries and CVs of countermovement jump variables are 379 

presented in Figure 4 (panels a-f). Asymmetries greater than CVs were observed for the 380 

majority of the participants, in peak power (n = 21; 75.0%), mean power (n = 20; 71.4%), 381 

peak GRF (n = 15; 53.6%), mean GRF (n = 17, 60.7%), and impulse (n = 21; 75.0%). 382 

However, for RFD the individual CVs were bigger than the asymmetries values in most 383 

of the participants (n = 17), meaning that 60.7% of the asymmetries can be unreal.  384 

 385 

Figure 4 about here 386 

 387 

 For the ROM variables, the individual asymmetry and CVs values can be seen in 388 

Figure 5 (panels a-e). Asymmetry values for shoulder flexion and abduction were very 389 

low (0.3 to 7.1 %), and the variable’s CV was similar to the asymmetry for most 390 

participants (0.4 to 6.5 %). For shoulder internal and external rotation, the individual 391 

asymmetry values were higher than the CV individual values for most athletes (ER n = 392 
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15; 53.6% - IR n = 16; 57.1%). On the other hand, for shoulder extension, the CV was 393 

higher than the asymmetry in most cases (n = 20; 71.4%), indicating unreal asymmetry 394 

values. 395 

 396 

Figure 5 about here 397 

 398 

 Anthropometric asymmetries were very low, less than 2.5% on average. Thus, it 399 

was decided not to present figures with individual values, since this percentage would 400 

rarely have significance for the athletes.     401 

 402 

DISCUSSION 403 

 404 

This study aimed to verify the between session reliability of dry-land and in-water 405 

swimming-related testing variables, and the prevalence of meaningful asymmetries in 406 

swimming athletes. The primary findings were that: i) most of the tested variables 407 

presented high between-session reliability; ii) asymmetries did not change between the 408 

sessions, and meaningful asymmetries (i.e., superior than CV) were shown in some 409 

variables for most of the athletes; and iii) the direction of asymmetries was consistent for 410 

the in-water swimming test variables, but less consistent for the dry-land tested variables. 411 

 The between-session reliability data for the swimming, isokinetic torque, 412 

countermovement jump and anthropometric tests, were classified as “good” or 413 

“excellent”. The lowest ICC values were presented in the shoulder abduction (both body 414 

sides) and external rotation ROM test, whose classification was “moderate”. Furthermore, 415 

effect size data for all testing variables was “trivial” (≤ 0.20), with only hand length (for 416 

the left side) presenting a “small” effect (ES = 0.21), indicating no meaningful changes 417 

were evident between test sessions. These results show that the chosen variables can be 418 

trusted for testing, enabling the calculation of asymmetries to also be undertaken, since 419 

good reliability was seen for both sides of the body. However, some caution must be paid 420 

when testing shoulder ROM. With ICC values being moderate, more familiarisation may 421 

be required to enhance the reliability of this test. Although using different protocols, 422 

previous studies are in agreement with the present results, also showing good to excellent 423 

between-session reliability for tethered swimming protocols (Amaro et al., 2014), 424 

shoulder isokinetic torque (Meeteren et al., 2002), CMJ (Souza et al., 2020), shoulder 425 

ROM (Kim & Kim, 2016), and anthropometric (Siastras et al., 2010) tests. It is worth 426 



15 

 

mentioning that except for the tethered swimming test the other studies mentioned above 427 

were not conducted in swimmers.   428 

 In accordance with the raw data, the asymmetries did not change between the test 429 

sessions (Table 3). The effect sizes between the sessions were classified as “trivial” or 430 

“small”. The only metric that approached meaningful difference was the forearm length 431 

asymmetry (ES = 0.59 – moderate effect). However, with forearm length being a steady 432 

anthropometric measure, it seems likely that such variability was down to intra-rater error. 433 

Few studies have shown the changes in asymmetry scores between different sessions. 434 

Bishop et al. (2019) analysed the between-session asymmetry effect sizes in the isometric 435 

squat and jump tests, and also found no meaningful between-session changes, except for 436 

impulse in the isometric squat test. However, when the authors analysed the direction of 437 

asymmetry, levels of agreement ranged from “fair” to “substantial” between test sessions, 438 

depending on the test.  439 

If we take a deeper analysis of our asymmetry data, despite no meaningful between-440 

session variation in the magnitude of asymmetry, the within-group variability was large 441 

(i.e., the SD was often almost as large as the mean asymmetry value, for several 442 

variables). This high SD frequently precludes finding “significant differences” in group 443 

mean analysis (Bishop et al., 2022), which highlights the need for an alternative approach, 444 

where individual analysis is key (Bishop et al., 2021). Previous research has suggested a 445 

focus on both the magnitude and consistency in directionality (or limb dominance) in 446 

helping to differentiate the “signal from the noise” (Bishop et al., 2019, 2021). 447 

Specifically, for an asymmetry to be considered “real” it has been suggested that the inter-448 

limb percentage difference value must be higher than the intra-limb variability (i.e., CV) 449 

(Bishop et al., 2019; Exell et al., 2012). It can be seen through the individual analysis 450 

results that the athletes evaluated presented meaningful asymmetries in some of the tested 451 

variables (Figures 1-4). Specifically, in the swimming and jump tests, most of the tested 452 

athletes presented asymmetries > the CV in almost all variables. In contrast, the group 453 

showed no real inter-limb differences for most variables in the isokinetic torque test. In 454 

addition, in the ROM test, three of the five tested movements presented CV higher or 455 

similar to the asymmetry values, suggesting that the inter-limb percentage difference 456 

value might be indicative of natural variability for the metric. Thus, these results indicate 457 

the prevalence of some real asymmetries in the evaluated swimmers, but depending on 458 

the metric.  459 
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 When focusing on the direction of asymmetry, Kappa Coefficients showed 460 

substantial or near perfect levels of agreement for the swimming test variables. In 461 

contrast, greater fluctuation was evident in land-based assessment methods. In the CMJ 462 

test, half of the variables (peak power, maximal GRF, and net impulse) also showed good 463 

consistency in the direction of the asymmetry. However, in the isokinetic torque, ROM 464 

and anthropometric tests, most of the metrics presented only “poor” to “fair” levels of 465 

agreement. The explanation for the high consistency in the direction of asymmetry for the 466 

swimming test, might be because swimming is a daily activity for these athletes, enabling 467 

a more consistent stroke pattern, and thus, reduced variability in the asymmetry’s 468 

direction. It may also point out to a preferred asymmetric technique adopted by the athlete 469 

that is performed consistently, that is, the athlete chooses to use one limb more than the 470 

other during swimming and repeats this pattern constantly during training. For some of 471 

the land-based protocols (e.g., CMJ and isokinetic assessments), these are performed on 472 

a less routine basis, which may contribute to greater fluctuations in performance.  These 473 

results show that for most tests (except the swimming test) the limb presenting the higher 474 

values has a tendency to “swap sides” for many participants, and if focus is only given to 475 

the magnitude of the asymmetry, a misinterpretation of the results can be easily made; 476 

since asymmetry is a ratio metric and fluctuations in the limb presenting higher values 477 

will have a subsequent effect on how asymmetry is presented (Bishop et al., 2020, 2021). 478 

In a practical example, let’s consider that participants number three and 12, in all 479 

swimming variables, presented high values of meaningful asymmetries (> CV) and 480 

consistency in the direction of asymmetry between sessions. On the other hand, swimmer 481 

number two showed direction-consistent asymmetries, but with all values < than the CV 482 

in almost all jump variables. For swimmer number four, they showed “real” asymmetries 483 

in the internal rotators peak and mean isokinetic torque, but no consistency in the favoured 484 

limb between test sessions. While in the last two cases, it is hard to know if an intervention 485 

would be needed (because of the variability of the asymmetry), in the first case, a decision 486 

can likely be made towards an intervention that strengthens the weaker limb. From this 487 

athlete-specific data, we can deduce that the magnitude and direction of asymmetries 488 

should be considered in the monitoring process to guide decision-making. In addition, an 489 

important aspect is that practitioners should investigate whether any existing inter-limb 490 

differences are influencing swimming performance or not, before a decision is made to 491 

pursue a specific, targeted training intervention. 492 
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 While having strong points such as a significant sample size and an extensive test 493 

battery in a test-retest design, the present study is not without limitations.  Firstly, the 494 

sample was not composed of professional swimmers, and some swimmers were youth 495 

athletes (ages 13-17). Although most of the athletes competed at a national level in their 496 

categories, the aforementioned factors must be considered when interpreting and 497 

extrapolating the results. Secondly, a kinematic analysis (e.g., filming the test), especially 498 

during the swimming test, could have been useful. For example, understanding whether 499 

propulsive force asymmetries are associated with the stroke movement would provide 500 

greater insights into the relevance of side-to-side differences. In addition, video analysis 501 

could have been useful in analysing the athlete’s coordination during swimming, which 502 

is also considered a performance factor. Thirdly, the one-week interval between test 503 

sessions might have allowed some changes in the athlete's technique to develop, possibly 504 

interfering with the reliability of our results (although most of the metrics presented 505 

excellent reliability). Thus, future studies should consider a shorter interval between test 506 

sessions, such as 48-72 hours. In addition, males and females composed the sample and 507 

the data was analysed as a group. However, splitting the sample by gender was not an 508 

option due to the number of female swimmers; a point that future studies should be 509 

cognisant of. An important aspect to consider is that the present study did not aim to 510 

investigate whether the asymmetries have an influence on swimming performance. Thus, 511 

future research should also focus on answering this aspect, which may be crucial for the 512 

sport. 513 

In summary, the evaluated variables from the dry-land and in-water swimming 514 

tests presented high between-session reliability, and inter-limb asymmetries showed no 515 

between-session changes. In an individual analysis, most athletes presented meaningful 516 

asymmetries in the swimming and jump tests, but not in the isokinetic and ROM tests. 517 

Additionally, the asymmetry’s direction was more consistent for the in-water swimming 518 

test variables but less consistent for the dry-land tested variables.    519 

 520 

PRACTICAL APPLICATIONS 521 

 522 

• The present evidence suggests that the tested variables are good choices for 523 

coaches and researchers aiming to measure asymmetries in swimmers, since they 524 

present good levels of between-session reliability. 525 
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• Asymmetries are shown to be “real” in most athletes evaluated, so it is necessary 526 

to understand and monitor the possible implications on performance and/or 527 

injuries.  528 

• The magnitude and direction of asymmetry in swimmers vary between 529 

individuals. These results highlight the need for individual and periodic 530 

asymmetry analysis in this population, together with robust methods that establish 531 

“signal to noise” within the context of limb differences. Once achieved, this may 532 

help practitioners determine whether targeted interventions are necessary. 533 
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Table 1. Descriptive raw data and effect size (ES) between sessions. 

Variable 
Test (mean ± SD) Retest (mean ± SD) ES (95%CI) 

Right Left Right Left Right Left 

Swimming test     

Peak force (N) 206.5 ± 70.4 174.6 ± 46.4 197.9 ± 65.7 170.0 ± 53.2 0.13 (-0.40, 0.65) 0.09 (-0.43, 0.61) 

Mean force (N) 131.9 ± 41.7 115.4 ± 29.6 129.0 ± 37.4 115.1 ± 32.3 0.07 (-0.45, 0.60) 0.01 (-0.51, 0.53) 

RFD (N.s-1) 754.1 ± 330.7 684.1 ± 306.4 754.0 ± 386.4 652.8 ± 158.7 0.00 (-0.52, 0.52) 0.10 (-0.43, 0.62) 

Impulse (N.s) 37.7 ± 17.0 29.4 ± 11.6 35.3 ± 15.8 27.0 ± 12.0 0.15 (-0.38, 0.67) 0.20 (-0.32, 0.73) 

Isokinetic shoulder torque (N.m)     

ER peak torque 44.4 ± 16.5 44.7 ± 13.5 45.6 ± 16.2 44.8 ± 14.4 -0.07 (-0.58, 0.47) -0.01 (-0.53, 0.52) 

IR peak torque 62.8 ± 20.1 63.1 ± 20.6 62.5 ± 20.3 64.3 ± 21.4 0.01 (-0.51, 0.54) -0.06 (-0.58, 0.47) 

EXT peak torque 74.1 ± 24.3 71.3 ± 22.6 74.9 ± 23.8 72.5 ± 23.2 -0.03 (-0.56, 0.49) -0.05 (-0.58, 0.47) 

ER mean torque 47.2 ± 14.3 49.1 ± 15.5 47.3 ± 14.4 49.9 ± 15.9 -0.01 (-0.53, 0.52) -0.05 (-0.57, 0.47) 

IR mean torque 39.5 ± 13.1 39.5 ± 10.9 40.0 ± 12.3 39.3 ± 11.3 -0.04 (-0.56, 0.49) 0.02 (-0.51, 0.54) 

EXT mean torque 32.1 ± 11.6 33.2 ± 10.0 32.4 ± 12.0 33.3 ±10.6 -0.04 (-0.56, 0.49) -0.16 (-0.68, 0.37) 

Countermovement jump      

Jump height (cm) 31.1 ± 9.7 30.8 ± 10.4 0.02 (-0.50, 0.54) 

Peak power (W/kg) 17.6 ± 5.3 17.8 ± 5.1 17.8 ± 5.0 18.1 ± 5.4 -0.04 (-0.56, 0.49) -0.06 (-0.58, 0.47) 

Mean power (W/kg) 8.9 ± 2.6 9.0 ± 2.5 9.0 ± 2.5 9.1 ± 2.7 -0.04 (-0.56, 0.49) -0.04 (-0.56, 0.49) 

Peak GRF (N) 471.5 ± 107.6 469.3 ± 109.2 459.1 ± 103.6 462.9 ± 116.1 0.02 (-0.50, 0.54) -0.03 (-0.56, 0.49) 

Mean GRF (N) 322.4 ± 100.2 319.7 ± 99.7 308.3 ± 87.2 302.3 ± 96.3 0.03 (-0.50, 0.55) 0.07 (-0.46, 0.59) 

Net impulse (m·s-1) 148.3 ± 35.0 151.9 ± 36.3 142.6 ± 32.6 145.4 ± 34.6 -0.10 (-0.62, 0.42) -0.08 (-0.61, 0.44) 

RFD (N·s-1) 2800.0 ± 993.9 2694.1 ± 950.4 2676.7 ± 930.8 2629.8 ± 950.8 0.11 (-0.42, 0.63) 0.05 (-0.47, 0.57) 

Range of motion (°)      
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Shoulder flexion 167.3 ± 10.6 167.2 ± 9.6 166.5 ± 10.5 167.0 ± 9.2 0.08 (-0.45, 0.60) 0.02 (-0.50, 0.54) 

Shoulder extension 35.1 ± 11.9 35.9 ± 11.6 36.4 ± 14.0 35.5 ± 12.8 -0.10 (-0.62, 0.43) 0.03 (-0.49, 0.56) 

Shoulder abduction  177.9 ± 6.8 176.8 ± 6.6 178.5 ± 6.6 176.9 ± 6.5 -0.09 (-0.61, 0.44) -0.02 (-0.54, 0.51) 

Shoulder IR 55.6 ± 11.9 58.7 ± 12.2 55.9 ± 11.3 57.2 ± 12.1 -0.03 (-0.55, 0.50) 0.12 (-0.40, 0.65) 

Shoulder ER 83.8 ± 9.2 79.1 ± 9.2 83.2 ± 10.7 79.4 ± 9.3 0.06 (-0.46, 0.58) -0.03 (-0.56, 0.49) 

Anthropometric measures (cm)     

Upper limb length 80.3 ± 5.3 80.1 ± 5.4 80.3 ± 5.3 80.2 ± 5.3 0.00 (-0.52, 0.52) -0.02 (-0.54, 0.51) 

Arm length  35.4 ± 2.5 35.2 ± 2.5 35.4 ± 2.6 35.3 ± 2.4 0.00 (-0.52, 0.52) -0.04 (-0.56, 0.48) 

Forearm length 24.3 ± 1.6 24.6 ± 1.7 24.4 ± 1.6 24.5 ± 1.8 -0.06 (-0.59, 0.46) 0.06 (-0.47, 0.58) 

Hand length 20.8 ± 1.5 20.3 ± 1.4 20.6 ± 1.5 20.3 ± 1.4 0.13 (-0.39, 0.66) 0.21 (-0.31, 0.74) 

Lower limb length 84.5 ± 5.0 84.3 ± 5.1 84.5 ± 5.1 84.4 ± 5.2 0.00 (-0.52, 0.52) -0.02 (-0.54, 0.50) 

Thigh length 42.1 ± 2.5 42.0 ± 2.6 42.2 ± 2.6 41.9 ± 2.7 -0.04 (-0.56, 0.49) 0.04 (-0.49, 0.56) 

Leg length 42.7 ± 2.8 42.5 ± 2.7 42.7 ± 2.8 42.8 ± 2.7 0.00 (-0.52, 0.52) -0.10 (-0.60, 0.41) 

Arm flexed girth 30.4 ± 3.1 30.2 ± 3.1 30.3 ± 3.1 30.3 ± 3.1 0.03 (-0.49, 0.56) -0.03 (-0.56, 0.49) 

Arm relaxed girth 32.2 ± 3.2 31.8 ± 3.3 32.2 ±3.2 31.9 ± 3.3 0.00 (-0.52, 0.52) -0.03 (-0.55, 0.49) 

Forearm girth 26.4 ± 2.2 26.1 ± 2.3 26.5 ± 2.2 26.2 ± 2.3 0.05 (-0.57, 0.48) -0.04 (-0.57, 0.48) 

Thigh girth 54.4 ± 4.5 54.3 ± 4.3 54.5 ± 4.4 54.4 ± 4.4 -0.02 (-0.55, 0.50) -0.02 (-0.55, 0.50) 

Calf girth 36.0 ± 2.9 35.9 ± 2.8 36.0 ± 2.9 35.9 ± 2.8 0.00 (-0.52, 0.52) 0.00 (-0.52, 0.52) 

Wrist diameter 5.5 ± 0.5 5.5 ± 0.5 5.5 ± 0.5 5.5 ± 0.5 0.00 (-0.52, 0.52) 0.00 (-0.52, 0.52) 

Elbow diameter 6.9 ± 0.6 7.0 ± 0.6 7.0 ± 0.6 7.0 ± 0.6 -0.17 (-0.69, 0.36) 0.00 (-0.52, 0.52) 

Knee diameter 9.5 ± 0.6 9.5 ± 0.6 9.5 ± 0.6 9.5 ± 0.6 0.00 (-0.52, 0.52) 0.00 (-0.52, 0.52) 

Ankle diameter 7.2 ± 0.6 7.3 ± 0.6 7.3 ± 0.6 7.3 ± 0.6 -0.17 (-0.69, 0.36) 0.00 (-0.52, 0.52) 

SD: standard deviation, ES: effect size, RFD: rate of force development, ER: external rotation, IR: internal rotation, EXT: extension, GRF: ground force reaction.   

 



28 

 

Table 2. Between-session reliability data for all variables. 

Variable 
ICC TEM (absolute) (95% CI) 

Right Left Right Left 

Swimming test (N.m)   

Peak force (N) 0.95 (0.90, 0.98) 0.94 (0.88, 0.97) 15.30 (12.10, 20.84) 12.44 (9.84, 16.94) 

Mean force (N) 0.95 (0.98, 0.89) 0.96 (0.91, 0.98) 9.24 (7.31, 12.58) 6.51 (5.15, 8.87) 

RFD (N.s-1) 0.81 (0.63, 0.91) 0.90 (0.79, 0.95) 160.96 (127.26, 219.10) 106.44 (84.16, 144.89) 

Impulse (N.s) 0.88 (0.75, 0.94) 0.87 (0.74, 0.94) 5.99 (4.74, 8.16) 4.35 (3.43, 5.97) 

50-m time trial (s) 0.98 (0.96, 0.99) 0.29 (0.23, 0.39) 

Isokinetic shoulder torque (N.m)  

ER peak torque 0.94 (0.97, 0.97) 0.92 (0.83, 0.96) 4.20 (3.33, 5.73) 4.20 (3.32, 5.72) 

IR peak torque 0.95 (0.89, 0.98) 0.96 (0.91, 0.98) 4.78 (3.78, 6.51) 4.44 (3.51, 6.04) 

EXT peak torque 0.98 (0.96, 0.99) 0.97 (0.94, 0.99) 3.39 (2.68, 4.62) 4.05 (3.20, 5.52) 

ER mean torque 0.93 (0.86, 0.97) 0.91 (0.82, 0.96) 3.44 (2.72, 4.69) 3.42 (2.71, 4.66) 

IR mean torque 0.93 (0.86, 0.97) 0.95 (0.90, 0.98)  3.84 (3.04, 5.23)  3.57 (2.83, 4.87) 

EXT mean torque 0.93 (0.85, 0.97) 0.92 (0.83, 0.96) 3.31 (2.62, 4.51) 3.05 (2.42, 4.16) 

Countermovement jump    

Jump height (cm) 0.95 (0.90, 0.98) 2.23 (1.77, 3.04) 

Peak power (W/kg) 0.94 (0.87, 0.97) 0.95 (0.90, 0.98) 1.36 (1.08, 1.86) 1.15 (0.92, 1.58) 

Mean power (W/kg) 0.93 (0.86, 0.97) 0.95 (0.90, 0.98) 0.68 (0.54, 0.93) 0.57 (0.46, 0.79) 

Peak GRF (N) 0.89 (0.78, 0.95) 0.90 (0.79, 0.95) 36.77 (29.07, 50.05) 36.60 (28.94, 49.82) 

Mean GRF (N) 0.92 (0.83, 0.96) 0.92 (0.84, 0.96) 29.41 (23.25, 40.03) 26.80 (21.19, 36.49) 

Net impulse (m·s-1) 0.95 (0.90, 0.98) 0.96 (0.91, 0.98) 7.91 (6.26, 10.78) 7.25 (5.73, 9.87) 

RFD (N·s-1) 0.77 (0.56, 0.88) 0.76 (0.54, 0.88) 482.56 (381.53, 656.84) 477.63 (377.63, 650.13) 
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Range of motion (°)     

Shoulder flexion 0.78 (0.58, 0.89) 0.79 (0.60, 0.90) 5.08 (4.02, 6.91) 4.40 (3.48, 5.99) 

Shoulder extension 0.83 (0.66, 0.92) 0.90 (0.79, 0.95) 5.53 (4.37, 7.53) 4.04 (3.20, 5.51) 

Shoulder abduction  0.63 (0.34, 0.81) 0.65 (0.37, 0.82) 4.15 (3.29, 5.66) 3.94 (3.12, 5.37) 

Shoulder IR 0.86 (0.72, 0.93) 0.78 (0.59, 0.89) 4.43 (4.59, 7.90) 5.80 (4.29, 7.39) 

Shoulder ER 0.72 (0.47, 0.86) 0.79 (0.60, 0.90) 5.43 (4.29, 7.39) 4.33 (3.43, 5.90) 

Anthropometric measures (cm)  

Upper limb length 0.99 (0.99, 1.00) 0.99 (0.99, 1.00) 0.41 (0.33 – 0.56) 0.37 (0.29 – 0.51) 

Arm length  0.99 (0.98, 1.00) 0.98 (0.97, 0.99) 0.24 (0.19, 0.33) 0.31 (0.25, 0.43) 

Forearm length 0.95 (0.90, 0.98) 0.97 (0.93, 0.99) 0.36 (0.29, 0.49) 0.32 (0.25, 0.44) 

Hand length 0.97 (0.94, 0.99) 0.98 (0.96, 0.99) 0.26 (0.21, 0.36) 0.20 (0.16, 0.28) 

Lower limb length 0.99 (0.99, 1.00) 0.99 (0.99, 1.00) 0.39 (0.31, 0.53) 0.42 (0.34, 0.58) 

Thigh length 0.96 (0.92, 0.98) 0.95 (0.90, 0.98) 0.50 (0.40, 0.68) 0.59 (0.47, 0.81) 

Leg length 0.98 (0.96, 0.99) 0.99 (0.98, 0.99) 0.39 (0.31, 0.54) 0.29 (0.24, 0.41) 

Arm flexed girth 0.99 (0.99, 1.00) 1.00 (0.99, 1.00) 0.25 (0.20, 0.34) 0.22 (0.18, 0.30) 

Arm relaxed girth 1.00 (0.99, 1.00) 0.99 (0.99, 1.00) 0.19 (0.16, 0.27) 0.24 (0.20, 0.34) 

Forearm girth 0.99 (0.98, 0.99) 0.99 (0.99, 1.00) 0.24 (0.19, 0.33) 0.18 (0.14, 0.25) 

Thigh girth 0.98 (0.96, 0.99) 0.98 (0.96, 0.99) 0.62 (0.49, 0.85) 0.60 (0.48, 0.83) 

Calf girth 0.99 (0.98, 1.00) 0.99 (0.98, 1.00) 0.29 (0.23, 0.40) 0.25 (0.20, 0.35) 

Wrist diameter 0.97 (0.94, 0.99) 0.98 (0.97, 0.99) 0.08 (0.07, 0.11) 0.06 (0.05, 0.09) 

Elbow diameter 0.98 (0.95, 0.99) 0.99 (0.97, 0.99) 0.09 (0.07, 0.13) 0.06 (0.05, 0.09) 

Knee diameter 0.99 (0.98, 1.00) 0.99 (0.99, 1.00) 0.05 (0.04, 0.07) 0.04 (0.04, 0.07) 

Ankle diameter 0.98 (0.96, 0.99) 0.98 (0.97, 0.99) 0.08 (0.07, 0.12) 0.08 (0.07, 0.12) 
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ICC: intraclass correlation coefficient, TEM: typical error of measurement, RFD: rate of force development, ER: external rotation, IR: internal rotation, EXT: extension, GRF: 

ground force reaction.   
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Table 3. Mean inter-limb asymmetry values (%), effect size, and levels of agreement of the asymmetry direction between sessions.  

Variable Test (%) Retest (%) ES (95%CI) Kappa Coefficient Kappa Classification  

Swimming test    

Peak force (N) 15.2 ± 10.3 15.2 ± 10.8 0.00 (-0.52, 0.52) 0.86 Nearly perfect 

Mean force (N) 12.7 ± 7.9 11.5 ± 9.1 0.14 (-0.39, 0.66) 0.88 Nearly perfect 

RFD (N.s-1) 28.5 ± 17.0 23.7 ± 17.4 0.28 (-0.25, 0.80) 0.63 Substantial 

Impulse (N.s) 25.3 ± 15.0 26.5 ± 15.1 -0.08 (-0.60, 0.45) 0.75 Substantial 

Isokinetic shoulder torque (N.m)    

ER peak torque 12.4 ± 9.5 11.1 ± 8.4 0.14 (-0.38, 0.67) 0.27 Fair 

IR peak torque 7.7 ± 6.3 9.2 ± 7.6 -0.21 (-0.74, 0.31) -0.09 Poor 

EXT peak torque 10.3 ± 10.6 14.1 ± 10.3 -0.36 (-0.89, 0.17) 0.32 Fair 

ER mean torque 7.8 ± 7.7 9.8 ± 8.0 -0.25 (-0.78, 0.27) 0.35 Fair 

IR mean torque 7.6 ± 5.9 7.1 ± 6.1 0.08 (-0.44, 0.61) 0.08 Slight 

EXT mean torque 11.5 ± 8.7 9.3 ± 7.9 0.26 (-0.26, 0.79) -0.12 Poor 

Countermovement jump      

Peak power (W/kg) 10.6 ± 8.5 10.2 ± 5.8 0.05 (-0.47, 0.58) 0.44 Moderate 

Mean power (W/kg) 10.5 ± 8.4 10.2 ± 5.8 0.04 (-0.48, 0.56) 0.37 Fair 

Maximal GRF (N) 8.8 ± 7.4 9.6 ± 8.1 -0.10 (-0.63, 0.42) 0.43 Moderate 

Mean GRF (N) 10.5 ± 9.6 12.4 ± 11.9 -0.18 (-0.70, 0.35) 0.15 Slight 

Net impulse (m·s-1) 11.8 ± 9.3 12.3 ± 10.9 -0.05 (-0.57, 0.48) 0.72 Substantial 

RFD (N·s-1) 11.4 ± 8.0 11.6 ± 8.3 -0.02 (-0.55, 0.50) 0.28 Fair 

Range of motion (°)     

Shoulder flexion 2.4 ± 2.2 2.4 ± 1.8 0.00 (-0.52, 0.52) 0.21 Fair 

Shoulder extension 11.2 ± 9.7 11.3 ± 9.6 -0.01 (-0.53, 0.51) 0.28 Fair 
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Shoulder abduction  2.0 ± 1.5 1.9 ± 1.6 0.06 (-0.46, 0.59) 0.34 Fair 

Shoulder IR 14.0 ± 9.0 11.7 ± 10.0 0.24 (-0.29, 0.76) 0.33 Fair 

Shoulder ER 8.2 ± 5.9 8.4 ± 5.2 -0.04 (-0.56, 0.49) 0.30 Fair 

Anthropometric measures (cm)    

Upper limb length 0.4 ± 0.3 0.4 ± 0.3 0.00 (-0.52, 0.52) 0.55 Moderate 

Arm length  0.9 ± 0.7 1.0 ± 0.7 -0.14 (-0.67, 0.38) 0.17 Slight 

Forearm length 1.9 ± 1.4 1.2 ± 0.9 0.59 (0.05, 1.12) -0.08 Poor 

Hand length 2.2 ± 1.7 1.7 ± 1.5 0.31 (-0.22, 0.83) 0.03 Slight 

Lower limb length 0.4 ± 0.3 0.5 ± 0.3 -0.33 (-0.86, 0.20) 0.25 Fair 

Thigh length 0.8 ± 0.7 1.1 ± 1.1 -0.33 (-0.85, 0.21) -0.09 Poor 

Leg length 0.9 ± 0.7 0.9 ± 0.6 0.00 (-0.52, 0.52) 0.43 Moderate 

Arm flexed girth 1.2 ± 1.1 1.2 ± 1.1 0.00 (-0.52, 0.52) 0.64 Substantial 

Arm relaxed girth 1.5 ± 1.2 1.6 ± 1.3 -0.08 (-0.60, 0.45) 0.60 Moderate 

Forearm girth 1.8 ± 1.5 1.5 ± 1.4 0.21 (-0.32, 0.73) 0.36 Fair 

Thigh girth 0.8 ± 0.7 0.7 ± 0.5 0.16 (-0.36, 0.69) 0.27 Fair 

Calf girth 1.0 ± 0.9 1.4 ± 1.2 -0.38 (-0.90, 0.16) 0.42 Moderate 

Wrist diameter 1.3 ± 1.1 1.3 ± 0.9 0.00 (-0.39, 0.39) 0.00 Poor 

Elbow diameter 1.2 ± 1.0 1.0 ± 1.0 0.20 (-0.33, 0.72) 0.42 Moderate 

Knee diameter 0.7 ± 0.5 0.5 ± 0.5 0.40 (-0.13, 0.92) 0.16 Slight 

Ankle diameter 1.5 ± 1.9 1.2 ± 1.5 0.18 (-0.35, 0.70) 0.18 Slight 

ES: effect size, RFD: rate of force development, ER: external rotation, IR: internal rotation, EXT: extension, GRF: ground force reaction.   
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Figure 1. The final positions are examples since they will depend on each tested athlete.   
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Figure 2. The grey bars are the asymmetries of each participant, while the black dots are the variable CV 

for each participant. Note 2: If a grey bar (asymmetry) has a higher % than a black dot (variable CV), then 

the asymmetry is considered real. 
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Figure 3. The grey bars are the asymmetries of each participant, while the black dots are the variable CV 

for each participant. Note 2: If a grey bar (asymmetry) has a higher % than a black dot (variable CV), then 

the asymmetry is considered real. 
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Figure 4. The grey bars are the asymmetries of each participant, while the black dots are the variable CV 

for each participant. Note 2: If a grey bar (asymmetry) has a higher % than a black dot (variable CV), then 

the asymmetry is considered real. 
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Figure 5. The grey bars are the asymmetries of each participant, while the black dots are the variable CV 

for each participant. Note 2: If a grey bar (asymmetry) has a higher % than a black dot (variable CV), then 

the asymmetry is considered real. 
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Figure captions 

 

Figure 1. Initial (top line) and final (bottom line) positions of the shoulder abduction (a), 

flexion (b), extension (c), internal rotation (d) and external rotation (e) ROM 

measurements.  

 

Figure 2. Between-session individual asymmetry (grey bars) and coefficient of variation 

(black dots) values of the swimming test variables. 

 

Figure 3. Between-session individual asymmetry (grey bars) and coefficient of variation 

(black dots) values of the shoulder torque test variables.  

 

Figure 4. Between-session individual asymmetry (grey bars) and coefficient of variation 

(black dots) values of the countermovement jump test variables. 

 

Figure 5. Between-session individual asymmetry (grey bars) and coefficient of variation 

(black dots) values of the range of motion test variables. 

 


