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Abstract 30 

Background and aim: The study compared differences in derived critical velocity (CV) and 31 

maximal speed from the 3-Minute All-Out Shuttle Test (3MST), 7-Minute Intermittent Critical 32 

Velocity Shuttle Test (7MST) and 3-Minute All-Out Running Test (3MRT). We also 33 

determined test-retest reliability of the 3MST versus the 7MST. Methods: Eleven semi-34 

professional football players completed 10 visits; 3 familiarisation and 7 testing sessions (3 35 

trials for each of the 3MST and 7MST and 1 trial of the 3MRT). CV was calculated, and 36 

maximal speed was recorded via GPS. Results: CV via the 3MRT (14.17 ± 1.49 km.h-1) was 37 

faster than the 3MST (10.12 ± 0.97 km.h-1, p < 0.001) and 7MST (9.03 ± 0.97 km.h-1, p < 38 

0.001), although minimal differences were observed between the 3MST and 7MST (p = 0.13). 39 

Maximal speed differed across all test modes; 3MRT (29.07 ± 2.19 km.h-1, p < 0.001), 3MST 40 

(26.18 ± 1.71 km.h-1, p < 0.001) and 7MST (23.14 ± 1.10 km.h-1, p < 0.001). Intra-class 41 

correlation coefficient was larger for the 3MST (0.37) than the 7MST (0.05). Coefficient of 42 

variation was smaller for the 3MST (7.57%) compared to the 7MST (11.56%). Conclusions: 43 

Shuttle tests derive significantly slower CV and maximal speeds compared to linear tests and 44 

thus likely provide greater task specificity for CV modelling of team-sport athletes.  45 

Key Words: HIGH-SPEED RUNNING, TEAM-SPORT, FATIGUE, THRESHOLD. 46 

  47 
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INTRODUCTION 48 

Time-motion analyses suggest that successful performance in competitive football is correlated 49 

to the quantity of high speed running and change of direction 1–3. This is a trend indicative 50 

across team-sports 4, whereby contemporary match tactics have increased the intermittent 51 

demand of quickly changing energy requirements from non-severe to severe metabolism 5. 52 

Modelling the critical point of this energetic interaction is imperative for profiling team-sport 53 

athletes, to help inform training, competition and tactical decisions 6. Clinical and field graded 54 

exercise tests estimate maximal capacity through tolerance to incremental workload 7, which 55 

negates the identification of a critical work rate between sustained and un-sustained 56 

metabolism, suggesting graded exercise tests are non-specific and possibly outdated for 57 

analysing the unique energetics of contemporary intermittent performance.  58 

The 3-Minute All-Out Running Test (3MRT) is a short, linear-run test, adapted from seminal 59 

critical power methods. The 3MRT provides valid and reliable estimates of critical velocity 60 

(CV) by modelling a hyperbolic relationship between running speed and time 8,9. The 61 

asymptote identifies a CV, above which a finite distance capacity (D´) is estimated to 62 

differentiate severe and non-severe metabolism 10. The relationship between these mechanisms 63 

allows for subsequent calculations of competition pacing strategies and high-intensity interval 64 

training (HIIT) prescription 11,12. 65 

The CV concept is less tolerated when applied to intermittent compared to constant velocity 66 

exercise, meaning lower CVs and higher D´s are estimated via intermittent running 13,14. This 67 

highlights the importance of task specificity for CV estimation and is conceivably exacerbated 68 

in team-sports due to the metabolic cost of high-speed running and changes of direction 14–16. 69 

Shuttle running provides an exercise modality that matches the biomechanical demands of 70 

intermittent sports 17. Examples of shuttle running CV methods include, the 3-Minute All-Out 71 

Shuttle Test (3MST) and 7-Minute Intermittent Shuttle Test (7MST).  72 

The 3MST is adapted from the 3MRT, however, it is run over a defined shuttle distance rather 73 

than uninterrupted running and is well validated for estimating CV 18. Several studies have 74 

established differences in CV between the 3MRT and 3MST (over varied shuttle distances), 75 

with the 3MST estimating a lower CV compared to the 3MRT 19–21. This is explained by 76 

multiple mechanical variables and physiological differences between linear and shuttle run 77 

tests 20. Although, similar VO2
 kinetics are exhibited between linear and shuttle run tests, which 78 
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is unexpected given the energetic cost associated with change of direction exercise. This 79 

suggests that performance parameters are interchangeable between test formats depending on 80 

desired task specificity 20.  81 

Similar VO2
 kinetics between linear and shuttle run tests may conversely be regarded as 82 

evidence that, despite the inclusion of shuttles, the 3MST does not adequately represent the 83 

task specific intermittent nature of team-sports. The 7MST has been developed and validated 84 

to address this gap 22. The 7MST is a 7-minute field test, that consists of three rounds of 85 

repeated all-out shuttle sprints, interspersed with decremental rest periods and is proposed to 86 

offer a reliable and more ecologically valid alternative for assessing CV in team-sport contexts 87 

22.  The lack of explicit 3MRT, 3MST and 7MST comparison within literature has deemed the 88 

task specific derivation of CV between linear and shuttle run tests across continuous and 89 

intermittent methods inconclusive. 90 

Therefore, the purpose of the study was to provide a novel comparison of the 3MST, 7MST 91 

and 3MRT for the CV modelling of team-sport athletes and assess the test-retest reliability. We 92 

tested the hypothesis that CV and maximal speed will differ between linear and shuttle run 93 

tests, thus CV and maximal speed are task specific. We also tested the hypothesis that the 94 

3MST and 7MST provide reliable measures of CV and thus shuttle tests offer a task specific 95 

and accurate alternative for measuring CV in team-sport athletes. 96 

METHODS AND MATERIALS 97 

Experimental Approach to the Problem 98 

A repeated measures experimental design was adopted to assess task specificity of the CV 99 

concept. The dependent variables of the study were CV and maximal speed, whereas the 100 

independent variable was test mode (i.e., 3MRT, 3MST and 7MST). The reliability of shuttle 101 

test modes (i.e., 3MST and 7MST) were assessed across respective trials. 102 

Subjects 103 

A priori power analysis was conducted using G*Power software (Version 3.1), which estimated 104 

a minimum sample size of 9 for an effect size of 0.5, alpha level of 5% and statistical 105 

significance and power of 95% (p < 0.05). All values are reported as means ± SD unless 106 
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otherwise stated. Statistical analyses were conducted using Statistical Package for Social 107 

Sciences software (SPSS; Version 22).  108 

Twelve semi-professional trained footballers (age: 23 ± 4 years; body mass: 75.94 ± 10.05 kg; 109 

stature: 177.42 ± 6.73 cm) were systematically sampled and voluntarily completed the study. 110 

One participant was excluded after sustaining injury, meaning a total of 11 participants (age: 111 

23 ± 4 years; body mass: 75.57 ± 10.45 kg; stature: 178.05 ± 6.68 cm) completed the study. 112 

Prior institutional ethics committee approval was granted (SMUETHICS202223210), followed 113 

by written informed consent from the cohort. Those free of musculoskeletal injury in the 114 

previous 6-months and cardiovascular contraindications, as verified from completion of a 115 

Physical Activity Readiness Questionnaire (PAR-Q), were included for selection.  116 

Procedures 117 

Participants attended 10 visits, comprising of 3 familiarisation sessions, followed by 7 testing 118 

sessions, in a randomised order (Research Randomizer), that consisted of 3 trials for each of 119 

the 3MST and 7MST protocols and 1 trial of the 3MRT protocol. The 3MST and 7MST took 120 

place on a familiar 3rd Generation artificial pitch, whereas the 3MRT took place on a 400m 121 

athletics track. Participants were encouraged to maintain normal activity throughout the study 122 

but were asked to ensure a minimum of 24-48 hours recovery before and after each testing 123 

visit, with between-testing session duration not exceeding 72 hours. Participants were also 124 

instructed to abstain from alcohol consumption during the 24-48-hour recovery periods, abstain 125 

from caffeine and food consumption 2-3 hours prior to testing and arrive in a hydrated state. 126 

Critical Velocity Performance Tests 127 

Prior to testing all participants were fitted with a FieldWiz 2nd generation 10Hz GPS unit and 128 

integrated heart rate (HR) vest (Advanced Sports Instruments, Lausanne, Switzerland). A 5-129 

minute warm-up, consisting of a 2-minute jog and lower body dynamic stretching exercises 130 

followed and was led by the investigator. A recovery period was then provided, the time of 131 

which depended on the participant’s HR returning to <100 beats per minute (BPM). This aimed 132 

to prevent CV being exceeded and to provide restitution for any depletion of D´ (28). The 133 

participants then completed the designated testing session.  134 

Familiarisation Trials: 135 
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Participants collectively took part in 3 familiarisation sessions, where 1 trial of each of the 3 136 

test modes (3MRT, 3MST, and 7MST) was performed on each familiarisation visit. Participant 137 

stature (213 Portable Stadiometer, SECA GmbH & Co., Hamburg, Germany) and body mass 138 

(Portable Scale BC-730, Tanita Corporation of America, Inc., IL, USA) was recorded during 139 

initial familiarisation sessions. The methods for each test mode were as follows.  140 

3MRT: 141 

The 3MRT was conducted on a 400m athletics track. Participants began at the start of the 100m 142 

line on the inside lane and were instructed to maximally sprint and maintain as fast of a running 143 

speed as possible around the track for the 3-minute duration. A blown whistle signalled the 144 

start of the test, at which point a stopwatch was started. The test was stopped at 3-minutes and 145 

10-seconds to allow for a full GPS recording 8.  146 

3MST: 147 

Figure 1 depicts the layout of the 3MST. Cones were set up at a distance of 30m apart with a 148 

5m wide zone to constrain participants to a linear running path. Participants began at the start 149 

line and were instructed to run the continuous 30m switchbacks as fast as possible for the 3-150 

minute duration. A blown whistle signalled the start of the test, at which time a stopwatch was 151 

started. The test was stopped at 3-minutes and 10-seconds to allow for a full GPS recording 18. 152 

7MST: 153 

Figure 1 depicts the layout of the 7MST. Cones were set up at a distance of 18.3m apart with 154 

a 5m wide zone to constrain participants to a linear running path. Participants began at the start 155 

line and were instructed to run each 18.3m switchback maximally. A blown whistle signalled 156 

the start, at which time a stopwatch was started to monitor the 7-minute duration. The 7-minute 157 

test was segmented into 3 rounds that immediately followed each other. On return to the start 158 

line from each switchback sprint effort, participants were afforded a rest interval that 159 

corresponded to the round. This was monitored using the stopwatch lap function with restart 160 

signalled by a blown whistle. Round 1 lasted 3-minutes and allowed 15-seconds recovery after 161 

each sprint effort. Round 2 lasted 2-minutes and allowed 10-seconds recovery after each sprint 162 

effort. Round 3 lasted 2-minutes and had no rest intervals as it was a continuous sprint effort 163 

22. The test was stopped at 7-minutes and 10-seconds to allow for a full GPS recording. 164 
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For each of the three test modes participants were given strong verbal encouragement 165 

throughout but, neither time elapsed nor remaining was disclosed to prevent pacing. Pacing for 166 

each trial was assessed post-test and identified via graphical characteristics non-representative 167 

of the expected hyperbolic relationship. Discrepant trials were subsequently omitted, and 168 

repeated following recovery procedures outlined 8,18,22. 169 

*** Insert Figure 1 near here *** 170 

DATA AND STATISTICAL ANALYSIS 171 

GPS was used to monitor speed and time metrics, with HR recorded via the integrated HR 172 

monitor within the GPS vest. Extraction of this raw data to Microsoft Excel (2007 Edition) 173 

enabled retrospective frame-by-frame analysis and computation of trials to calculate CV and 174 

record maximal speed and HR. For the 3MRT and 3MST modes, CV was calculated as an 175 

average velocity from the final 30-seconds of the test 8. Whereas for the 7MST mode, CV was 176 

calculated as the average velocity of the final four sprints from the third round of the test 22. 177 

This method is similar to the retrospective video-motion analyses utilised in both the 3MST 178 

and 7MST studies but differs through the use of GPS. Despite conflicting reports of GPS 179 

validity and reliability within shuttle running and team-sports movement demands 23,24, the use 180 

of GPS was rationalised for the present study as the 10 Hz GPS units provide sufficient accuracy 181 

and intra-reliability compared to video-motion analyses 25. The present study refrained from 182 

analysing and comparing finite metabolism (D´) between test modes. This is due to its omission 183 

by the original authors of the 7MST, based on strong evidence that non-linear and high 184 

individual variability exists within the reconstitution of D´, which prohibits an accurate 185 

calculation within intermittent tasks 22.  186 

Comparison between CV Test Modes 187 

A Shapiro-Wilks test was conducted to assess if the data were normally distributed. Only the 188 

first trial of both the 3MST and 7MST along with the one 3MRT trial were used for statistical 189 

analysis. Main effects for differences in CV and maximal speed (km.h-1) between the CV test 190 

modes was analysed via a one-way repeated-measures analyses of variance (ANOVA). Partial 191 

eta2 (ηp
2) was reported to assess the magnitude of any significant p value, with values of 0.01, 192 

0.06 and 0.14 representing small, medium and large effect sizes, respectively 26. Post hoc 193 

analysis with Bonferroni correction were used to assess where significant differences occurred 194 
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between CV test modes for CV and maximal speed. Percentage difference for each interaction 195 

was manually calculated and reported along with the mean difference and 95% confidence 196 

intervals (CI).  197 

Test-Retest Reliability and Interaction between CV Shuttle Tests Trials  198 

A two-way repeated measures ANOVA was performed to assess main effects and interactions 199 

between the two CV shuttle tests and their respective trials. Test-retest reliability for CV 200 

estimated from each of the 3MST and 7MST trials was assessed via intra-class correlation 201 

coefficient (ICC) analysis (two-way random model with absolute agreement) with a confidence 202 

interval of 95% to signify excellent reliability 27. Conservative values of less than 0.5, between 203 

0.5 – 0.75, between 0.75 – 0.9 and greater than 0.9 were used to interpret poor, moderate, good 204 

and excellent reliability, respectively 27. Systematic bias of the two CV shuttle tests was 205 

analysed by calculating the grouped coefficient of variation (CoV) across respective trials. 206 

Agreement between trials for the 3MST and 7MST modes was also assessed using Bland-207 

Altman analysis and reporting mean bias and 95% limits of agreement (LoA). 208 

RESULTS 209 

Comparison between CV Test Modes 210 

One participant’s representative data for the 3MRT, 3MST and 7MST are illustrated in Figure 211 

2, showing the different characteristics of each CV test mode and demonstrating the hyperbolic 212 

relationship within each test mode that is indicative of the CV concept. These differences are 213 

reinforced by the significant within-subjects main effects observed between CV test modes for 214 

both CV (F (2,20) = 50.96, ηp
2 = 0.84, p < 0.001) and maximal speed (F (2,20) = 79.94, ηp

2 = 0.89, 215 

p < 0.001). 216 

*** Insert Figure 2 near here *** 217 

Table 1 summarises post hoc pairwise analysis, highlighting where significant differences 218 

occurred between the three CV test modes for CV and maximal speed (km.h-1). The following 219 

results are reported as mean bias, 95% CI, p value to explain differences and effect size among 220 

tests. The 3MST (4.05 km.h-1, 95% CI = 2.61 – 5.49 km.h-1, p < 0.001) and 7MST (5.14 km.h-221 

1, 95% CI = 3.34 – 6.94 km.h-1, p < 0.001) obtain significantly slower CV, compared to the 222 

3MRT, respectively. The difference in CV derived from the 3MST and 7MST compared to the 223 
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3MRT was 28.37% and 36.06% slower, respectively.  Similarly, the 3MST (2.88 km.h-1, 95% 224 

CI = 1.29 – 4.48 km.h-1, p < 0.01) and the 7MST (5.93 km.h-1, 95% CI = 4.44 – 7.41 km.h-1, p 225 

< 0.001) obtained significantly slower maximal speeds, compared to the 3MRT, respectively. 226 

The difference in maximal speed derived from the 3MST and 7MST was 9.94% and 20.40% 227 

slower respectively, compared to the 3MRT. Minimal difference was viewed between the 228 

3MST and 7MST (1.09 km.h-1, 95% CI = -0.25 – 2.43 km.h-1, p = 0.13) for CV, representing 229 

the 3MST to be marginally faster (10.77%). However, a significantly faster maximal speed was 230 

achieved in the 3MST compared to the 7MST (3.04 km.h-1, 95% CI = 2.21 – 3.87 km.h-1, p < 231 

0.001) representing the 3MST to be 11.61% faster.  232 

*** Insert Table 1 near here *** 233 

Test-Retest Reliability and Interaction between CV Shuttle Tests Trials  234 

Despite, both shuttle tests exhibiting poor reliability (ICC < 0.5), ICC analysis suggests that 235 

CV from the 3MST (ICC = 0.37, 95% CI: 0.03 – 0.73) offers a greater test-retest reliability 236 

compared to the 7MST (ICC = 0.05, 95% CI: -0.23 – 0.49). Additionally, CoV analysis 237 

identifies that the 3MST (CoV = 7.57%) offers lower systematic bias compared to the 7MST 238 

(CoV = 11.56%). There was a significant main effect between shuttle test modes (3MST and 239 

7MST) (F (1,10) = 7.33, ηp
2 = 0.42, p = 0.02) but not between trials (F (2,20) = 3.00, ηp

2 = 0.23, p 240 

= 0.72), as supported by no significant CV mean biases exhibited across all trials (see Table 241 

1). Nor was there any significant interaction between shuttle test mode and trial (F (2,20) = 0.17, 242 

ηp
2 = 0.02, p = 0.84).  243 

DISCUSSION 244 

This study demonstrated that novel shuttle tests (3MST and 7MST) derive slower CV 245 

compared to linear run test formats (3MRT). This study also demonstrated that the 3MRT 246 

attained fastest maximal running speeds, followed by the 3MST and 7MST, respectively. This 247 

surprisingly coincided with minimal difference in CV between the 3MST and 7MST, which 248 

may pose the inclusion of rest intervals redundant in shuttle test formats. Finally, the 3MST 249 

appears to be a marginally more reliable test method compared to the 7MST (ICC ∆ = 0.32). 250 

Both the 3MST and 7MST modes respectively derived CV values that were approximately 251 

32% and 39% slower compared to the 3MRT method. This is consistent with previous literature 252 

suggesting CV is less tolerant during intermittent compared to continuous cycling and running 253 
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exercise modes 13,28. This trend is also demonstrated by differences between the linear (3MRT) 254 

and shuttle (3MST) run tests, with lower CV estimation exacerbated over shorter shuttle 255 

distances 21. This could be attributed to the greater quantity of changes of direction performed 256 

with shorter shuttle distances and subsequent increased neuromuscular fatigue and 257 

intramuscular metabolic demand 3,16,29. This infers practical ramifications on the specific 258 

application of the CV concept for fatigue monitoring and training prescription of intermittent 259 

and team-sport athletes. For example, faster CV’s estimated from linear methods would result 260 

in misjudged finite energy balance (D´bal) and training intensity calculation if applied to 261 

intermittent specific tasks 14. More recently, these differences in CV estimation have been 262 

attributed to differences of peak energetic parameters between linear and shuttle tests that 263 

coincides with minimal differences observed across average measures, suggesting the 264 

application of linear and shuttle CV tests within team-sport athletes are likely interchangeable 265 

20. Therefore, maximal speed achieved is likely an overlooked and important task specific 266 

variable that must be considered when selecting a CV test modality.  267 

Our results indicate both the 3MST and 7MST allow for slower maximal speeds to be attained 268 

(approximately 10% and 20%, respectively) compared to the 3MRT. The 3MST allows for a 269 

(approximately 12%) faster maximal speed compared to the 7MST, confirming that task 270 

specificity of maximal speed explicitly exists between CV shuttle test modes, supporting a 271 

positive correlation between running speed and shuttle distance that explains CV sensitivity to 272 

shuttle distance 19,21. It is however plausible, that Kramer and colleague’s use of slow sampling 273 

1Hz GPS and analysis software that filtered high-speed (100Hz) video to 1-3 Hz, may be limited 274 

by unreliability and exacerbated through measuring high speed change of direction and shuttle 275 

running 24. In contrast, we adopted higher rate 10Hz GPS, which has good reliability and 276 

accuracy in measuring team-sport movement demands 25,30. Therefore, the present study offers 277 

updated evidence supporting that maximal speed is an important task specific variable within 278 

the CV model and should be considered when selecting a shuttle test modality for modelling 279 

CV in intermittent and team-sport athletes. This is because varied pitch dimensions, tactics and 280 

rulings amongst team-sports, restrict high-speed running to sport-specific, relative speed zones 281 

31–34 that are more representative of acceleration as opposed to an athlete’s top-end velocity. 282 

Furthermore, variable high-speed running profiles exhibited across playing positions within 283 

the same sport 33,34, gives credence to the individualisation of CV shuttle test selection to ensure 284 

positional demands are mimicked. For example, a practitioner may select a shorter distance 285 
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CV shuttle test to assess a central midfield player who performs a high frequency of changes 286 

of direction and slower maximal speeds in match play over a reduced pitch area. Alternatively, 287 

a longer distance CV shuttle test might be selected to assess a wing-back player who achieves 288 

faster maximal speeds in match play over greater pitch area. 289 

Currently the CV concept, via the 3MRT, is applied to HIIT prescription in team-sport 290 

configurations by standardising rest intervals 11. Although this application is limited as it results 291 

in athletes encountering varied work:rest ratios. Additionally, the calculation of standardised 292 

work:rest intervals is dependent on the prerequisite estimation of D´, which is notoriously 293 

inaccurately modelled in intermittent exercise 14,15,35. Contemporary energetics models have 294 

improved reliability and accuracy in linear and intermittent running but continue to 295 

overestimate D´ 36, highlighting the need for further clarity. Despite this, the velocity-time 296 

relationship can be manipulated in HIIT prescription to achieve specific training adaptations. 297 

For example, intervals performed slightly excessive of CV for 90-300-second durations will 298 

increase CV at the expense of D´. Whereas intervals of less than 90-seconds allow for greater 299 

supramaximal intensities of CV and result in small CV adaptations whilst preserving D´ 11. 300 

This mechanism is of specific interest to team-sport athletes, who aim to concurrently improve 301 

endurance capacity without compromising sprinting capacity. Future research must firstly 302 

provide accurate modelling of D´ in intermittent exercise and secondly, specify the intensities 303 

of CV required for such specific training adaptations. In doing so, these speculative benefits to 304 

sport and position specific applications of the CV model within HIIT prescription and fatigue 305 

monitoring of team-sport athletes can be confirmed.  306 

Our results demonstrate minimal difference in CV between the 3MST and 7MST. This is 307 

surprising as a lower CV would have been expected via the 7MST, given that it is run over a 308 

shorter shuttle distance compared to the 3MST 19,21. Rather, agreement in CV between the 309 

3MST and 7MST, across all trials, suggests that no such shuttle distance CV sensitivity is 310 

exhibited between the 3MST and 7MST. This is most likely explained by the intermittent 311 

nature of the 7MST compared to the continuous 3MST, whereby the rest intervals afforded in 312 

the 7MST likely provide sufficient metabolic restitution of D´ that allows for greater CV 313 

tolerance 37. This alludes that rest intervals are potentially an additional task specific variable 314 

to consider in CV shuttle test selection. Additional research should therefore explore 315 
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physiological and mechanical comparisons between the 3MST and 7MST to confirm the 316 

potential task specificity of rest intervals.  317 

Future research is also required to provide clarity and an accurate model of finite capacity 318 

within intermittent exercise before specified rest intervals can be included in shuttle test 319 

formats. As currently, the expected shuttle distance CV sensitivity between the 3MST and 320 

7MST is unobserved. This poses that the structured rounds of depreciating rest intervals 321 

included in the 7MST distort CV estimation and are likely redundant when applied in 322 

combination with shuttle methods that exhibit changes of direction. Thus, the CV concept 323 

appears to accept modification to shuttle distances, as evidently applied with the 3MST 19,21, 324 

whereby the maximal speeds run within CV shuttle tests are consequentially regulated. This 325 

offers the flexibility to design CV tests with task specific shuttle distances, which, postulates 326 

preference of the 3MST as a mode that can be reliably modified to fulfil intermittent and team-327 

sport task specificity.  328 

The present study indicates that the 3MST offers greater reliability (ICC = 0.32) and less 329 

variance (3.99%) compared to the 7MST. Based on anecdotal evidence and consistency of all 330 

other variables, this is likely the result of the 7MST’s timed rounds, which makes blinding 331 

athletes to time remaining difficult and allows for the possibility of subtle pacing. This may 332 

exacerbate unreliability of the 7MST when combined with the non-linear and highly 333 

individualised reconstitution of finite metabolism documented within intermittent exercise 14. 334 

Similarly, the 3MST consistently calculates CV as an average of the last 30 seconds, a constant 335 

timepoint. Whereas the 7MST estimates CV as the average speed of the last 4 sprints, which 336 

despite previous validation 22, allows for intra-rater reliability to be questioned. Whilst this 337 

provides further preliminary preference of the 3MST mode, caution should be heeded as both 338 

shuttle test modes appear to have poor test-retest reliability; ICC < 0.5 27. It is conceivable that 339 

the poor reliability observed in both shuttle tests via ICC analysis is misrepresented by the 340 

present study’s small sample size and possibly further compounded by small variability 38. This 341 

is exemplified by a lack of any main effect or interaction between the shuttle tests and trials. 342 

Additionally, the non-signifcant mean biases and good agreement reported across trials, infers 343 

good test-retest reliability for both the 3MST and 7MST. This strongly indicates, that unlike 344 

the 3MRT, no learning or training-induced effects exist within the 3MST and 7MST modalities 345 

21, contradicting the low ICC values we reported. Such contradiction is frequently reported with 346 
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ICC reliability analysis, predominantly due to its vulnerability to minimal sample variability, 347 

which limits the efficacy of ICC reliability analysis to obtain conclusive results 39. This 348 

suggests that ICC should not be the sole measure employed to assess test-retest reliability. Thus 349 

directing future research to recruit a larger, strongly defined and fixed sample population to 350 

conclusively assess test-retest reliability of the 3MST and 7MST. 351 

CONCLUSION 352 

Our study confirms that differences exist between linear and shuttle test methods for the 353 

modelling of CV within a cohort of football players. Therefore, the change of direction 354 

associated with novel shuttle test methods offer a task specific format that seminal research has 355 

identified, accurately modeling CV for intermittent and team-sport performance. Novel CV 356 

shuttle tests are therefore advocated for application with intermittent and team-sport athletes 357 

as an alternative or adjunct to linear test modes. However, the maximal speed run in shuttle test 358 

modes is an additional task specific variable that must be considered when selecting a shuttle 359 

test, as varied high-speed demands among team-sports and playing positions may predicate 360 

practitioner’s choice of test to ensure optimisation of specific and individualised HIIT and 361 

fatigue monitoring. Despite inconclusive test-retest reliability, the unexpected CV relationship 362 

associated with the 7MST could suggest that rest intervals are likely redundant in a CV shuttle 363 

test format. Instead, shuttle distance could be considered to be a modifiable variable that 364 

practitioners utilise to regulate maximal speed and further increase the task specificity of CV 365 

shuttle tests. 366 

SUMMARY BOX 367 

Our findings suggest that shuttle tests derive significantly slower CV and maximal speeds 368 

compared to linear tests, and thus likely provide greater task specificity for CV modelling of 369 

team-sport athletes. The good agreement between trials for shuttle tests warrants further 370 

investigation. 371 
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TABLES AND FIGURES  532 

Table 1. Mean ± SD Critical Velocity (CV) and Maximal Speed for the 3-Minute All-Out Running Test (3MRT), 3-Minute All-Out Shuttle Test 533 

(3MST) and 7-Minute Intermittent Shuttle Test (7MST), first trials only. Alongside across trials Bland-Altman analysis reporting CV mean bias 534 

± SD and 95% Limits of Agreement (LoA) for the 3MST and 7MST. 535 

 CV (km.h-1) Maximal Speed (km.h-1) Trial Comparison CV Mean Bias (km.h-1) 95% LoA 

3MST 10.12 ± 0.97 𝑐+ 26.18 ± 1.71 𝑏+, 𝑐* T1 v T2 -0.67 ± 1.39 -3.40 – 2.06 

T1 v T3 -0.71 ± 0.95 -2.58 – 1.14 

T2 v T3 -0.05 ± 1.22 -2.45 – 2.35 

7MST 9.03 ± 0.97 𝑐+ 23.14 ± 1.10 𝑎+, 𝑐+ T1 v T2 -0.80 ± 1.82 -4.24 – 2.64 

T1 v T3 -0.48 ±1.82 -3.87 – 2.92 

T2 v T3 1.00 ± 1.82 -3.10 – 3.75 

3MRT 14.17 ± 1.49 𝑎+, 𝑏+ 29.07 ± 2.19 𝑎*, 𝑏+ - - - 

Abbreviations: a = Statistically different to the 3MST; b = Statistically different to the 7MST; c = Statistically different to the 3MRT; * = p < 536 

0.01; + = p < 0.001; T1 = Trial 1; T2 = Trial 2; T3 = Trial 3 (for respective test modes).  537 

 538 
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 539 

 540 

Figure 1. Example of the field setup for the 3-Minute All-Out Shuttle Test (3MST; left) and 541 

7-Minute Intermittent Shuttle Test (7MST; right). 542 
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 553 

Figure 2. Graphical representation of the varied velocity/time profiles between the (a) 3-554 

Minute All-Out Running Test (3MRT), (b) 3-Minute All-Out Shuttle Test (3MST) and (c) 7-555 

Minute Intermittent Shuttle Test (7MST) for a representative participant. Particular attention 556 

should focus on the peak, representing maximal speed and hyperbola, representing critical 557 

velocity, which best demonstrate key characteristic differences of each test. In addition, it 558 

should be noted that the 7MST clearly exhibits a far more intermittent profile compared to the 559 

3MST. 560 


