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ABSTRACT 30 

Purpose: To examine the relationship between player internal workloads, daily wellness 31 

monitoring, injury and illness in a group of elite adolescent cricketers during overseas 32 

competitions. Methods: Thirty-nine male international adolescent cricketers (17.5 0.8 yr) 33 

took part in the study. Data was collected over five tours across a three-year period (2014-34 

2016). Measures of wellness were recorded, and daily training loads calculated using session-35 

rating of perceived exertion. The injury and illness status of each member of the squad was 36 

recorded daily. Acute and chronic workloads were calculated using three days and fourteen 37 

days moving averages.  Acute workloads, chronic workloads, and acute chronic workload 38 

ratios (ACWR) were independently modelled as fixed effects predictor variables. Results: In 39 

the subsequent week, a high 3-day workload was significantly associated with an increased 40 

risk of injury (Relative Risk [RR] = 2.51; CI = 1.70 to 3.70). Similarly, a high 14-day workload 41 

was also associated with an increased risk of injury (RR = 1.48; CI = 1.01 to 2.70). Individual 42 

differences in the load injury relationship were also found. No clear relationship between the 43 

ACWR and injury risk was found, but high chronic workloads combined with a high or low 44 

ACWR showed an increase probability of injury compared to moderate chronic workloads. 45 

There were also trends for sleep quality and cold symptoms worsening the week before an 46 

injury occurred. Conclusion:  Although there is significant individual variation, short term high 47 

workloads and changing in wellness status appear to be associated with injury risk. 48 

 49 
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INTRODUCTION 62 

It is well established that injury rates can influence the success of a team 1 and consequently 63 

managing loads appear to be an essential part of reducing injury risk. Training loads comprise 64 

of both internal and external loads. External load relates to the amount of work completed, 65 

whilst internal loads are a measure of the relative physiological strain. This relationship is 66 

crucial in determining the stress and adaptive response 2. Furthermore, the rate of loading is 67 

a critical factor in influencing performance and injury factor 3. If loads are applied in a 68 

moderate and progressive manner, they may be protective against injury 2. No single marker 69 

can be used to accurately predict when an athlete enters a maladaptive state, so a 70 

combination of both internal and external load measures, specific to the nature of the sport, 71 

is recommended 3,4.  72 

 73 

Despite the increased use of global positioning system (GPS) to record load in the literature 5, 74 

external load of cricket fast bowling is predominantly measured using the number of balls 75 

bowled 6,7. However, recently balls bowled has been shown to inadequately capture the cost 76 

of fast bowling 8. Consequently a hybrid of the session-rating of perceived exertion (sRPE) 9, 77 

TRIMP  and balls bowled has been used to model injury risk in cricket. Hulin, Gabbett, Blanch, 78 

Chapman, Bailey, Orchard 10 was the first to investigate this specifically in cricket and 79 

combined both external (balls bowled) and internal load data (sRPE x duration) to model 80 

injury risk in fast bowlers. Despite a significant relationship between acute (1-week) external 81 

workloads and increased injury risk in the current week, no relationships were demonstrated 82 

between sRPE’s and injury risk in the current or subsequent week. However, when both the 83 

external and internal acute workload exceeded chronic (4-week rolling average) workload, 84 

resulting in an acute chronic workload ratio (ACWR) of >2.0, the relative risk of fast bowling 85 

injury was 3.3 to 4.5 times greater. As balls bowled does not appear to accurately reflect 86 

external workload 8, internal workloads may be more strongly associated with injury as it 87 

encompasses all aspects of training and competition.  88 

 89 

It is also highlighted that progressively higher workloads may serve as a protective mechanism 90 

against injury 10. Unfortunately, progressive sequenced training to develop high chronic 91 

training loads is not always feasible, particularly in adolescent cricket where overseas tours 92 

occur out of season. The nature of touring results in intensive training periods followed by a 93 



congested fixture period. These, intensive training periods have led to an increase catabolic 94 

environment during the competition period 11. Whilst an increased catabolic environment 95 

does not necessarily directly influence performance, it can indicate the ability of the athletes 96 

to tolerate training load 12. Short duration tours have resulted in an increased injury risk in 97 

many other sports 13,14 although it is unclear if cricket has similar traits. Even though a 98 

significant amount of a cricketer’s career is spent touring various countries, the effect this has 99 

on injury risk is unknown. As less recovery between days of bowling has been shown to 100 

increase the risk of injury in young (14.7 + 1.4 years) fast bowlers 6, it is hypothesised that 101 

touring would also be associated with a high risk of injury. A recent systematic review has 102 

highlighted the large quantity of self-reported measures of wellness that are used in sport 15. 103 

However, despite this review the relationship with injury and well-being is inconclusive. 104 

Therefore, the aim of this study was to examine the relationship between internal workloads, 105 

daily wellness scores, injury and illness in a group of elite adolescent cricketers during 106 

overseas competitions.  107 

 108 

METHODS 109 

Participants 110 

The sample comprised 39 male adolescent cricketers (17.5  0.8 y) who were selected to play 111 

international age group cricket. Data were collected over five tours across a three-year period 112 

(2014-2016). Tour duration varied from 18 to 30 days with a mean tour duration of 24+5 days. 113 

Of the five tours, 26% of the participants (n = 10) played one tour, 53% (n = 20) played two 114 

tours and 21% (n = 8) played three tours – equating to 1862 training days. Data were collected 115 

as a part of the routine practices throughout the tour season to which all players had 116 

consented 16. The project was approved by St Mary’s University Ethics Committee in the spirit 117 

of the Helsinki Declaration. 118 

 119 

Wellness Data  120 

Subjective measures of wellness were recorded each morning at breakfast using a five-point 121 

scale for sleep quality and duration, muscle soreness, cold symptoms and mood with lower 122 

scores being indicative of reduced wellness 17.  123 

 124 

Internal Workload 125 



Players were asked to provide a subjective rating of perceived exertion (RPE) using a 10-point 126 

rating scale 9. The intensity of all sessions (games, cricket training and strength and 127 

conditioning) were recorded within 30 mins of completing the session. Daily training loads 128 

were then calculated by multiplying session RPE by session duration (min).  129 

 130 

Injury Data Collection 131 

The programme’s physiotherapist collected the data throughout the course of the study and 132 

the same practitioner was the programme physiotherapist for the duration of the study. A 133 

programme day was defined as any day where the squad was together, be it for a match, 134 

training, rest or travel day. For each programme day the squad physiotherapist recorded the 135 

injury status of each member of the squad on a specifically designed spreadsheet. A broader 136 

definition of injury and illness, as used in the current study, provides a more complete picture 137 

of the true burden of injury and illness than a time loss definition of injury and illness. The 138 

recent international injury consensus statement on injury surveillance18 in cricket updated its 139 

definition of a cricket injury to include medical attention conditions and our paper is 140 

consistent with this consensus statement. Each player’s injury status was recorded as being 141 

either: 142 

1. Fully available for training and matches, with no injury or illness 143 

2. Fully available for training and matches, but with an injury or illness 144 

3. Available for selection in a major match, but with modified activity due to injury or 145 

illness 146 

4. Unavailable for selection in a major match due to injury or illness 147 

Non time-loss injuries were category 2 and 3 and time-loss injuries were category 4. All new 148 

injuries, as well as any pre-existing injuries players carried into the programme were reported. 149 

It was possible for a player to have multiple injuries or illness at any one time e.g. they may 150 



have a medical condition while being treated for a musculoskeletal condition or they may 151 

have two or more musculoskeletal conditions requiring management at the same time.  152 

A change in injury status occurred when a player’s injury status changed from one to another 153 

e.g. a player sustained a hamstring strain and was unavailable for selection (category 4), but 154 

the previous day they were fully available with no injury or illness (category 1). Only injury 155 

status changes where the players’ condition worsened i.e. they required increasing medical 156 

attention or activity/participation restriction; were included for analysis. This was a negative 157 

injury status change. This occurred when their injury status category number increased and 158 

was considered a negative status change. 159 

For each injury or illness, the squad physiotherapist also recorded the players skill group, the 160 

side, region and location of injury, diagnosis based on the Orchard sports injury classification 161 

system 10 (OSICS10) 19 and the number of programme days spent in each injury status 162 

category. In addition, the mode of injury onset, activity at the time of onset and whether it 163 

occurred on a match or non-match day was recorded as well. Skill group was defined as per 164 

the international consensus statement guidelines 18, with players classed as either batsman, 165 

pace bowlers, slow bowlers or wicketkeepers. The mode of onset followed the consensus 166 

statement guidelines (Orchard, Ranson, Olivier et al, 2016), and was defined as either sudden 167 

onset, impact (blow or contact), gradual onset, insidious or illness. Sudden onset injuries 168 

comprised non-impact muscle strains and ligament sprains e.g. an ulnar collateral ligament 169 

sprain during a one-off throw. Impact injuries occurred because of contact with another 170 

player or object e.g. a contusion due to being hit by the ball. A gradual onset injury was where 171 

the condition developed over time e.g. a rotator cuff tendinopathy from repetitive throwing. 172 

An insidious onset was where there was no identifiable activity associated with a musculo-173 

skeletal injury.  Illness was any medical condition not associated with the other four 174 

mechanisms.  175 

 176 

 177 

 178 



Data Analysis 179 

‘Programme’ exposure was calculated by multiplying the number of players in each squad 180 

during each day of the programme by the number of programme days, using the following 181 

formula: 182 

𝑃𝑟𝑜𝑔𝑟𝑎𝑚𝑚𝑒 𝑝𝑙𝑎𝑦𝑒𝑟 𝑑𝑎𝑦𝑠 = (𝑑𝑎𝑖𝑙𝑦 𝑠𝑞𝑢𝑎𝑑 𝑠𝑖𝑧𝑒 𝑥 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑜𝑛 𝑝𝑟𝑜𝑔𝑟𝑎𝑚𝑚𝑒) 183 

 184 

Statistical Analysis 185 

All estimations were made using the lme4 package with R (version 3.3.1, R Foundation for 186 

Statistical Computing, Vienna, Austria). Acute and chronic workloads were calculated using 187 

exponentially-weighted moving averages with time constants of three days and fourteen 188 

days, respectively 20. These time frames were chosen to reflect the ‘tour’ format of the 189 

competitions analyzed (i.e., 18 to 30 day tours with limited chronic loading) and because 190 

exponentially-weighted moving averages have shown stronger relationships with injury risk 191 

than the usual one and four week rolling periods 21. Uncoupled ACWR were calculated by 192 

reporting acute workloads (i.e., fatigue) as a proportion of chronic workloads (i.e., fitness) 10, 193 

such that acute load periods were not included in the calculation of chronic load 22. Within-194 

individual Z-scores were calculated for each player using the following formula:  195 

(individual player’s score – individual player’s average)/individual player’s standard deviation; 196 

a Z-score is the number of standard deviations the response is above or below the mean of 197 

the distribution. 198 

A generalized linear mixed-effects model (GLMM) was used to model the association between 199 

workloads and injury risk in the subsequent week. This mixed effects model was selected for 200 

its ability to account for repeated measurements, and to explore individual responses 201 

between workloads and injury risk. Acute workloads, chronic workloads, and ACWR were 202 

independently modelled as fixed effects predictor variables. In addition, the interaction 203 

between ACWR and both acute and chronic workloads was assessed by including 204 

multiplicative terms in the model. Random effects were athlete identity (differences between 205 



athletes’ mean injury risk), athlete × tour (variability within athletes between tours), and the 206 

residual. If assessment of a quadratic trend between the workload measure and injury risk 207 

was significant (P ≤ 0.05), the measure was split into tertiles for analysis, with the lowest load 208 

range being the reference group. Otherwise, linear effects for continuous predictor variables 209 

were evaluated as the change in relative injury risk (RR) associated with a two standard 210 

deviation increase in the workload or wellness measure (representing the change associated 211 

with a ‘typically low’ versus a ‘typically high’ value of the predictor) 23. The odds ratios 212 

obtained from the GLMM model were therefore converted to RR in order to interpret their 213 

magnitude 24. The RR represents the change in injury risk associated with changes in the 214 

investigated load or wellness variables. A RR of 1.0 represents no change in risk of injury, 215 

whilst values of 0.5 and 2.0 would represent a halving or doubling of injury risk, respectively.   216 

Magnitude-based inferences were used to provide an interpretation of the real-world 217 

relevance of the outcomes 25. The smallest important increase in injury risk was a RR of 1.11, 218 

and the smallest important decrease in risk was 0.90 25. An effect was deemed unclear if the 219 

chance that the true value was beneficial was >25%, with odds of benefit relative to odds of 220 

harm (odds ratio) of <66. Otherwise, the effect was deemed clear, and was qualified with a 221 

probabilistic term using the following scale: <0.5%, most unlikely; 0.5-5%, very unlikely; 5-222 

25%, unlikely; 25-75%, possible; 75-95%, likely; 95-99.5%, very likely; >99.5%, most likely 26. 223 

The r2glmm package was used to determine whether model fit was significantly improved 224 

when using GLMM in comparison with a logistic regression model (which does not account 225 

for repeated measurements or individual variations in responses). 226 

RESULTS 227 

Thirty-nine players were involved in 1862 programme days during the study. There were 98 228 

injuries in 38 players that resulted in 130 negative injury status changes on 125 different 229 

programme days. Only 17 (13.1%) of these changes resulted in the player being unavailable 230 

for match selection (category 4). On average players had a negative injury status change every 231 

14.3 days. In most negative status changes (53.1%) players went from being fully available to 232 

receiving medical attention (change status from category 1 to 2), the next most common 233 

status changes were from fully available to modified activity (category 1 to 3) with 20% of all 234 

changes; and from medical attention to modified activity (category 2 to 3) with 13.8% of all 235 



changes. Sixteen pace bowlers accounted for 43.7% of all programme days and 46.9% of all 236 

negative status changes, nine spin bowlers accounted for 24.9% of programme days and 237 

26.9% of all changes, nine batsmen accounted for 19.8% of programme days and 15.4% of all 238 

changes and five wicketkeepers accounted for 11.6% of programme days and 10.8% of all 239 

changes. Compared to pace bowlers (RR = 1.00 (ref)), wicket keepers and batsmen had a 240 

lower overall risk of injury (RR = 0.56; CI = 0.29 to 1.08), whilst the inference for spin bowlers 241 

was unclear (RR: 0.70, CI = 0.31 to 1.57). 242 

 243 

****Insert Table 1 here**** 244 

 245 

Wellness and Injury Risk 246 

No relationship was found between wellness scores and injury risk in the subsequent week, 247 

although there were trends for sleep quality and cold symptoms to worsen the week before 248 

an injury occurred (Table 1).   249 

 250 

****Insert Table 2 here**** 251 

 252 

Acute and Chronic Workloads 253 

In the subsequent week, a high (>0.35) 3-day workload z-score was significantly associated 254 

with an increased risk of injury (RR = 2.51; CI = 1.70 to 3.70; likelihood range >99.5%, most 255 

likely), compared with medium (-0.45 to 0.35) and low (<-0.45) workload z-scores (Table 2). 256 

The predicted probability of injury increased from 6% to 11% as 3-day workload increased 257 

from medium to high categories. This is in comparison to overall risk of pace bowlers (RR = 258 

1.00 (ref)), wicket keepers and batsmen (RR = 0.56; CI = 0.29 to 1.08), spin bowlers (RR: 0.70, 259 

CI = 0.31 to 1.57).  260 

 261 

****Insert Table 3 here**** 262 

 263 

A high (>0.67) 14-day workload z-score was also associated with an increased risk of injury 264 

(RR = 1.48; CI = 1.01 to 2.70; likelihood range 75-95%, likely), compared with medium (-0.45 265 

to 0.35) and low (<-0.45) workload z-scores (Table 3). The predicted probability of injury 266 

increased from 8% to 13% as 14-day workload increased from medium to high categories. 267 



 268 

****Insert Table 4 here**** 269 

 270 

The ACWR was not clearly associated with injury risk (Table 4). Both acute and chronic 271 

workloads were independently associated with injury risk in a linear fashion (Figure 1), with 272 

2 standard deviation increases in both predictors (620 AU and 538 AU, respectively) 273 

associated with substantial increases in injury risk (Acute: RR: 1.82, CI = 1.34 – 2.47, most 274 

likely harmful; Chronic: RR: 2.22, CI: 1.56 – 3.15, most likely harmful).   275 

 276 

****Insert Figure 1 here**** 277 

 278 

 279 

Additionally, there was a clear interaction effect between ACWR categories and chronic 280 

workloads (Figure 2), such that the effect of increasing chronic workloads on injury risk was 281 

substantially higher in the ‘low’ and ‘high’ ACWR categories, compared to the ‘moderate’ 282 

ACWR category.  There was no interaction effect observed between ACWR and acute 283 

workloads (P = 0.30).  284 

****Insert Figure 2 here**** 285 

 286 

There was a substantial improvement in model fit when random effects were included in the 287 

model (logistic regression model R2 = 10%, GLMM model R2 = 27%, P<0.001). Therefore, 288 

individual differences in workload-injury relationships were evident. Figure 3 displays the 289 

relationship between chronic workloads and injury risk in the subsequent week for each 290 

individual in the analysis, as estimated via the GLMM. 291 

 292 

****Insert Figure 3 here**** 293 

 294 

 295 

DISCUSSION 296 

This is the first study to establish specific workload thresholds for adolescent cricketers and 297 

also non-fast bowlers. The study had numerous key findings. Firstly, high short-term (3 days) 298 

workloads (>2125 AU) or a high 14 day workload (>7212 AU) were also associated with an 299 



increased injury risk. Secondly, high chronic loads combined with a high or low ACWR 300 

increases the probability of injury compared to moderate chronic loads. Thirdly, individual 301 

differences in injury risk was also demonstrated between players. Finally, sleep quality and 302 

cold symptoms showed a trend with injury risk.  303 

 304 

The findings from our study show that high short-term workloads in cricket (>2125 AU) 305 

increase the risk of injury. High workloads and increased injury risk may be a result of in-306 

adequate recovery time between sessions. Particularly during the early days of touring, an 307 

optimal balance between intensity and volume of training and recovery needs to be 308 

implemented. These findings are in-line with previous sports such as rugby 27 and football 28. 309 

In contrast to our findings, previous work in cricket 10 has found no link between acute internal 310 

workload measures and injury risk. One explanation for the difference could be the age and 311 

experience of the players involved in the study. Hulin, Gabbett, Blanch, Chapman, Bailey, 312 

Orchard 10 used older (26 + 5 yr), more experienced cricketers who have had exposure to 313 

higher chronic workloads compared to the younger (17.5 + 0.8 years) adolescent cricketers in 314 

our study. Individuals with a greater physical training history or greater physical attributes 315 

have also shown better tolerance to acute spikes in load better than younger individuals 29. 316 

Therefore, the finding of greater injury risk with rapid acute changes in load in adolescent 317 

cricketers may be expected. Conversely, older athletes appear to be at greater risk of injuries 318 

at a given absolute training load than younger athletes 30. Whilst this appears to be a 319 

contradictory finding, there may be a ‘sweet spot’ for age, physical qualities and training 320 

history where athletes can cope with acute spikes in training loads. Other differences 321 

between the findings in this study may due to the classification or change in injury states we 322 

used compared to time loss data 10. Our study also used a change in injury status that is more 323 

reflective of current sporting practices.  324 

 325 

The non-significant relationship between the ACWR and risk of injury or illness is in contrast 326 

to previous work in senior cricket fast bowlers 10 and elite adolescent cricketers 31. Our 327 

findings uniquely show that high chronic loads combined with a high or low ACWR increases 328 

the probability of injury compared to moderate chronic loads. Previously, higher chronic 329 

workloads have shown to serve as an injury protective mechanism for acute spikes in 330 

workload 32. Conversely, high chronic loads can be achieved safely so long as the ACWR is not 331 



excessive. Despite being beyond the scope of this study, it seems essential that the workload 332 

prior to touring is recorded. If players have accumulated large workloads before touring then 333 

ensuring ACWR is not minimised or excessive would appear to reduce the risk of injury.   334 

 335 

Individual differences in injury risk were also demonstrated between playing positions for the 336 

first time showing that athletes should understand individual responses to chronic workloads. 337 

Prescribing individual load is often very difficult in a team setting, but our data suggests that 338 

ensuring all players are below (>2125 AU) will reduce the risk of injury. The length of the acute 339 

window has also been shown to be strongly associated with injury 33. Given that players do 340 

not have the opportunity to build chronic workloads prior to touring, our study used time 341 

frames of 3 and 14 days for acute and chronic loading periods. Work has predominantly used 342 

time frames of 7 and 28 days though there is evidence to suggest that 6 and 21 days acute to 343 

chronic workload ratios is optimal for predicting injuries 33. Consequently, it could be 344 

suggested that the 3 days used for the acute period in our study was not long enough to see 345 

differences in ACWR.  346 

 347 

A positive link between alterations in training load and subjective measures of well-being has 348 

previously been established 34,35. A recent systematic review 15 has highlighted that subjective 349 

well-being measures respond consistently to stress imposed by training. Of 56 research 350 

articles, 85% favoured subjective measures when monitoring athlete load. Negative changes 351 

in wellness measures have also been linked to increased risk of illness 36, although changes in 352 

wellness measures and risk of injury has received less attention 37. The result from our study 353 

showed no significant relationship between subjective measures and injury and illness. A 354 

possible explanation for these findings may be the due to the scale used. Our study used a 5-355 

point scale where previous work has shown that a greater number of points on a scale 356 

increases the sensitivity 38. However, we did observe trends of reduced sleep and self-357 

reported cold symptoms in the week before an injury occurred. Recent work by von Rosen, 358 

Frohm, Kottorp, Friden, Heijne 37 supports this notion and demonstrated that in youth 359 

athletes, an increase in training load and intensity in addition to a decrease in sleep volume 360 

significantly increased the risk of injury. With even modest sleep loss associated  with 361 

impairment of psychomotor performance 39 it appears logical that assessing sleep volume and 362 

quality is a key subjective measure for reducing injury and illness risk.  363 



 364 

LIMITATIONS 365 

Although higher chronic workloads have been shown to be associated with a lower risk of 366 

injury, it was not possible to quantify chronic training workloads in the period prior to tours. 367 

Therefore, future work should focus on the workloads preceding a tour and the effects this 368 

has on injury prevalence. Subjective measures of wellness were asked during breakfast. 369 

Whilst the experimenters made every attempt to ensure this was performed away from other 370 

coaches and players, the nature of the touring environment sometimes meant wellness 371 

measures were not performed in isolation. Finally, the nature of cricket often involves large 372 

periods of very low inactivity such as fielding in a match. This low RPE but long duration can 373 

often cause excessively large TRMP values.  374 

 375 

CONCLUSION 376 

Collectively, these results demonstrate that in elite adolescent cricketers, high acute and/or 377 

chronic internal workloads are significantly associated with an increased risk of injury. Rapid 378 

increases in acute workloads >2125 AU are more closely associated with injury and illness 379 

than ACWR assessed over 3 and 14 days respectively. High chronic loads combined with a 380 

high or low ACWR increases the probability of injury compared to moderate chronic loads. 381 

Therefore, practitioners should ensure individuals that accumulate large amounts of 382 

workload have a moderate ACWR whilst touring. However, the injury risk appears to be an 383 

individualised response. We have demonstrated for the first time that other cricket skill sets 384 

(in addition to fast bowling) have injury risks associated with workloads. Although not 385 

significant, measures of wellness, specifically sleep duration and self-reported cold symptoms 386 

can be expected to worsen the week before an injury occurs.  387 

 388 
PRACTICAL IMPLICATIONS:  389 
 390 

 The non-invasive and simple session-RPE method is useful for tracking training and 391 

game loads and injury risk during elite adolescent cricket tours.  392 

 Coaches should avoid spike in workloads when chronic workloads are high or low. 393 

 Players appear to be at an increased risk of injury when they experience a high 3 day 394 



cumulative load (≥2125 AU), though there are individual differences. 395 

 Although not significant, worsening sleep quality and self-reported cold symptoms are 396 

possible subjective indicators of heightened injury risk in this population. These 397 

measures warrant further investigation in larger studies in the future.  398 

 399 

  400 



REFERENCE LIST 401 

 402 
1. Hagglund M, Walden M, Magnusson H, Kristenson K, Bengtsson H, Ekstrand J. Injuries 403 

affect team performance negatively in professional football: an 11-year follow-up of 404 
the UEFA Champions League injury study. Br J Sports Med. 2013;47(12):738-742. 405 

2. Jones CM, Griffiths PC, Mellalieu SD. Training Load and Fatigue Marker Associations 406 
with Injury and Illness: A Systematic Review of Longitudinal Studies. Sports Med. 407 
2017;47(5):943-974. 408 

3. Soligard T, Schwellnus M, Alonso JM, et al. How much is too much? (Part 1) 409 
International Olympic Committee consensus statement on load in sport and risk of 410 
injury. Br J Sports Med. 2016;50(17):1030-1041. 411 

4. Vickery W, Dascombe B, Duffield R. The Association Between Internal and External 412 
Measures of Training Load in Batsmen and Medium-Fast Bowlers During Net-Based 413 
Cricket Training. Int J Sports Physiol Perform. 2017;12(2):247-253. 414 

5. Petersen CJ, Pyne D, Dawson B, Portus M, Kellett A. Movement patterns in cricket vary 415 
by both position and game format. J Sports Sci. 2010;28(1):45-52. 416 

6. Dennis RJ, Finch CF, Farhart PJ. Is bowling workload a risk factor for injury to Australian 417 
junior cricket fast bowlers? Br J Sports Med. 2005;39(11):843-846; discussion 843-846. 418 

7. Orchard JW, Blanch P, Paoloni J, et al. Cricket fast bowling workload patterns as risk 419 
factors for tendon, muscle, bone and joint injuries. Br J Sports Med. 2015;49(16):1064-420 
1068. 421 

8. Tallent J, Higgins M, Parker N, et al. Quantification of bowling workload and changes 422 
in cognitive function in elite fast bowlers in training compared with twenty20 cricket. 423 
J Sports Med Phys Fitness. 2017. 424 

9. Foster C, Florhaug JA, Franklin J, et al. A new approach to monitoring exercise training. 425 
J Strength Cond Res. 2001;15(1):109-115. 426 

10. Hulin BT, Gabbett TJ, Blanch P, Chapman P, Bailey D, Orchard JW. Spikes in acute 427 
workload are associated with increased injury risk in elite cricket fast bowlers. Br J 428 
Sports Med. 2014;48(8):708-712. 429 

11. McNamara DJ, Gabbett TJ, Naughton G, Farhart P, Chapman P. Training and 430 
competition workloads and fatigue responses of elite junior cricket players. Int J Sports 431 
Physiol Perform. 2013;8(5):517-526. 432 

12. Frx  AC, Kraemer WJ, Stone MH, Koziris LP, Thrush JT, Fleck SJ. Relationships Between 433 
Serum Testosterone, Cortisol, and Weightlifting Performance. Journal of Strength and 434 
Condition Research. 2000;14(3):338-343. 435 

13. Carling C, McCall A, Le Gall F, Dupont G. The impact of short periods of match 436 
congestion on injury risk and patterns in an elite football club. Br J Sports Med. 437 
2016;50(12):764-768. 438 

14. Dellal A, Lago-Penas C, Rey E, Chamari K, Orhant E. The effects of a congested fixture 439 
period on physical performance, technical activity and injury rate during matches in a 440 
professional soccer team. Br J Sports Med. 2015;49(6):390-394. 441 

15. Saw AE, Main LC, Gastin PB. Monitoring the athlete training response: subjective self-442 
reported measures trump commonly used objective measures: a systematic review. 443 
Br J Sports Med. 2016;50(5):281-291. 444 

16. Winter EM, Maughan RJ. Requirements for ethics approvals. J Sports Sci. 445 
2009;27(10):985. 446 



17. McLean BD, Coutts AJ, Kelly V, McGuigan MR, Cormack SJ. Neuromuscular, endocrine, 447 
and perceptual fatigue responses during different length between-match microcycles 448 
in professional rugby league players. Int J Sports Physiol Perform. 2010;5(3):367-383. 449 

18. Orchard JW, Ranson C, Olivier B, et al. International consensus statement on injury 450 
surveillance in cricket: a 2016 update. Br J Sports Med. 2016;50(20):1245-1251. 451 

19. Rae K, Orchard J. The Orchard Sports Injury Classification System (OSICS) version 10. 452 
Clin J Sport Med. 2007;17(3):201-204. 453 

20. Williams S, West S, Cross MJ, Stokes KA. Better way to determine the acute:chronic 454 
workload ratio? Br J Sports Med. 2016. 455 

21. Murray NB, Gabbett TJ, Townshend AD, Blanch P. Calculating acute:chronic workload 456 
ratios using exponentially weighted moving averages provides a more sensitive 457 
indicator of injury likelihood than rolling averages. Br J Sports Med. 2017;51(9):749-458 
754. 459 

22. Lolli L, Batterham AM, Hawkins R, et al. Mathematical coupling causes spurious 460 
correlation within the conventional acute-to-chronic workload ratio calculations. Br J 461 
Sports Med. 2017. 462 

23. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in 463 
sports medicine and exercise science. Med Sci Sports Exerc. 2009;41(1):3-13. 464 

24. Hopkins WG, Marshall SW, Quarrie KL, Hume PA. Risk factors and risk statistics for 465 
sports injuries. Clin J Sport Med. 2007;17(3):208-210. 466 

25. Batterham AM, Hopkins WG. Making meaningful inferences about magnitudes. Int J 467 
Sports Physiol Perform. 2006;1(1):50-57. 468 

26. Hopkins WG. A spreadsheet for deriving a confidence interval, mechanistic inference 469 
and clinical inference from a p value. Sportscience. 2007;11:16-20. 470 

27. Cross MJ, Williams S, Trewartha G, Kemp SP, Stokes KA. The Influence of In-Season 471 
Training Loads on Injury Risk in Professional Rugby Union. Int J Sports Physiol Perform. 472 
2016;11(3):350-355. 473 

28. Malone JJ, Di Michele R, Morgans R, Burgess D, Morton JP, Drust B. Seasonal training-474 
load quantification in elite English premier league soccer players. Int J Sports Physiol 475 
Perform. 2015;10(4):489-497. 476 

29. Malone S, Hughes B, Doran DA, Collins K, Gabbett TJ. Can the workload-injury 477 
relationship be moderated by improved strength, speed and repeated- sprint 478 
qualities? Journal of Science and Medicine in Sport. 2018. 479 

30. Rogalski B, Dawson B, Heasman J, Gabbett TJ. Training and game loads and injury risk 480 
in elite Australian footballers. J Sci Med Sport. 2013;16(6):499-503. 481 

31. Warren A, Williams S, McCaig S, Trewartha G. High acute:chronic workloads are 482 
associated with injury in England & Wales Cricket Board Development Programme fast 483 
bowlers. J Sci Med Sport. 2018;21(1):40-45. 484 

32. Hulin BT, Gabbett TJ, Lawson DW, Caputi P, Sampson JA. The acute:chronic workload 485 
ratio predicts injury: high chronic workload may decrease injury risk in elite rugby 486 
league players. Br J Sports Med. 2015. 487 

33. Carey DL, Blanch P, Ong KL, Crossley KM, Crow J, Morris ME. Training loads and injury 488 
risk in Australian football-differing acute: chronic workload ratios influence match 489 
injury risk. Br J Sports Med. 2017;51(16):1215-1220. 490 

34. Coutts AJ, Wallace LK, Slattery KM. Monitoring changes in performance, physiology, 491 
biochemistry, and psychology during overreaching and recovery in triathletes. Int J 492 
Sports Med. 2007;28(2):125-134. 493 



35. Coutts AJ, Reaburn P. Monitoring changes in rugby league players' perceived stress 494 
and recovery during intensified training. Percept Mot Skills. 2008;106(3):904-916. 495 

36. Thornton HR, Delaney JA, Duthie GM, et al. Predicting Self-Reported Illness for 496 
Professional Team-Sport Athletes. Int J Sports Physiol Perform. 2016;11(4):543-550. 497 

37. von Rosen P, Frohm A, Kottorp A, Friden C, Heijne A. Multiple factors explain injury 498 
risk in adolescent elite athletes: Applying a biopsychosocial perspective. Scand J Med 499 
Sci Sports. 2017;27(12):2059-2069. 500 

38. Diefenbach MA, Weinstein ND, O'Reilly J. Scales for assessing perceptions of health 501 
hazard susceptibility. Health Educ Res. 1993;8(2):181-192. 502 

39. Vgontzas AN, Zoumakis E, Bixler EO, et al. Adverse effects of modest sleep restriction 503 
on sleepiness, performance, and inflammatory cytokines. J Clin Endocrinol Metab. 504 
2004;89(5):2119-2126. 505 

 506 

 507 

 508 

 509 

 510 

 511 

 512 

 513 

 514 
 515 
 516 
 517 
 518 
 519 
 520 
 521 
 522 
 523 
 524 
 525 
 526 
 527 
 528 
 529 
 530 
 531 
 532 
 533 
 534 
 535 
 536 



Table 1. Change in injury risk associated with a 2SD improvement in self-reported wellness 537 
indicator.  538 
 539 

 540 
 541 
 542 
 543 
 544 
 545 
 546 
 547 
 548 
 549 
 550 
 551 
 552 
 553 
 554 
 555 
 556 
 557 
 558 
 559 
 560 
 561 
 562 
 563 
 564 
 565 
  566 

Wellness Relative risk Lower CL Upper CL Inference P-value 

Total wellness 0.96 0.82 1.13 Unclear 0.70 

Sleep duration 0.98 0.83 1.16 Unclear 0.87 

Sleep quality 0.89 0.76 1.05 Possibly ↓ 0.25 

Body feeling 0.91 0.77 1.08 Possibly trivial 0.35 

Cold symptoms 0.86 0.72 1.02 Possibly ↓ 0.15 

Mood 1.00 0.84 1.18 Unclear 0.98 



Table 2. Acute and chronic workloads express as AU and z-scores 567 
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 Z-Score sRPE AU’s 

Acute Workload (3 Days) 

Low  

 

<-0.45 

 

523 - 1322 

Medium -0.45 to 0.35 1323 - 2124 

High >0.35 >2125 

Chronic Workload (14 Days)   

Low  <-0.40 2051 - 5128 

Medium -0.4 to 0.67 5129 - 7211 

High >0.67 >7212 



 589 
Table 3. Predicated probability of injury expressed relative to z-scores.  590 
 591 
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 607 

 608 

 609 

 610 

 
Relative risk Lower CL Upper CL Inference P-value 

3-day load z-score       

Low (<-0.45)  1.00 (ref)     

Medium (-0.45 to 0.35)  1.18 0.73 1.93 Unclear 0.56 

High (>0.35)  2.40 1.57 3.66 Most likely ↑ 0.0007 

14-day load z-score       

Low (<-0.40) 1.00 (ref)     

Medium (-0.40 to 0.67)  1.18 0.82 1.71 Unclear 0.46 

High (>0.67) 1.89 1.26 2.85 Most likely ↑ 0.01 



Table 4. Predicted probability of injury risk. 611 

 612 

 613 

 614 

 615 

 616 

 617 

 618 

 619 

Acute:chronic workload Relative risk Lower CL Upper CL Inference P-value 

Low (<0.80)  1.00 (ref) - - - - 

Medium (0.80 to 1.30) 0.99 0.64 1.56 Unclear 0.99 

High (>1.30) 1.01 0.65 1.58 Unclear 0.96 



Figure Legends 

Figure 1. Acute, chronic and acute chronic workload ratio probability of injury.  

 

Figure 2. Acute, chronic and acute to chronic workload ratios association with injury risk. 

 

Figure 3. Relationship between chronic workloads and injury risk in the subsequent week for 

each individual. Primary role is defined. BAT = Batsmant; PB = Pace Bowler; SP = Seam Bowler; 

WK = Wicket Keeper 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 


