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ABSTRACT 6 

 7 

Rugby league carries a high injury incidence with 61% of injuries occurring at tackles. The 8 

ball carrier has a higher injury incidence than the defender, therefore understanding 9 

mechanisms occurring during injurious tackles are important. Given the dynamic, open nature 10 

of tackling, characteristics influencing tackle outcome likely encompass complex networks of 11 

dependencies. This study aims to identify important classifying characteristics of the tackle 12 

related to ball carrier injurious and non-injurious events in rugby league and identify the 13 

characteristics capability to correctly classify those events.  Forty-one ball carrier injuries were 14 

identified and 205 matched non-injurious tackles were identified as controls. Each case and 15 

control were analysed retrospectively through video analysis. Random forest models were built 16 

to 1.) filter tackle characteristics possessing relative importance for classifying tackles resulting 17 

in injurious/non-injurious outcomes and 2.) determine sensitivity and specificity of tackle 18 

characteristics to classify injurious and non-injurious events. Six characteristics were identified 19 

to possess relative importance to classify injurious tackles. This included ‘tackler twisted ball 20 

carrier’s legs when legs were planted on ground’, ‘the tackler and ball carrier collide heads’, 21 

‘the tackler used body weight to tackle ball carrier, ‘the tackler has obvious control of the ball 22 

carrier’ ‘the tackler was approaching tackle sub-maximally’ and ‘tackler's arms were below 23 

shoulder level, elbows were flexed’. The study identified tackle characteristics that can be 24 

modified in attempt to reduce injury. Additional injury data are needed to establish relationship 25 

networks of characteristics and analyse specific injuries. Sensitivity and specificity results of 26 

the random forest were 0.995 and 0.525. 27 
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INTRODUCTION  32 

 33 

Rugby league is a contact sport that carries an inherent risk of injury (Fitzpatrick et al., 2018). 34 

Time loss injuries have been reported as 57/1000 hours during European Super League match-35 

play with sixty-one percent of these injuries occur during the tackle event (Fitzpatrick et al., 36 

2018). The aim of the tackle is to reduce or stop momentum of the ball carrier and/or prevent 37 

the ball from being passed before the tackle is complete (Gabbett, King and Jenkins, 2008). 38 

The risk of injury during the tackle is likely due to the physically demanding nature of the event 39 

and its frequent occurrence, influenced by a number of intrinsic and extrinsic factors which are 40 

associated with this risk (King, Hume and Clark, 2012; Burger et al., 2017).  41 

 42 

Various sports have investigated mechanisms of injuries including rugby union (general 43 

injuries, concussion and head injury assessment cases) (Hendricks et al., 2016; Burger et al., 44 

2017; Tierney and Simms, 2018), basketball (anterior cruciate ligament injuries) (Krosshaug 45 

et al., 2007), soccer (ankle injuries) (Andersen et al., 2004) and handball (anterior cruciate 46 

ligament injuries) (Olsen et al., 2004). These studies used retrospective video analysis to 47 

identify characteristics of injury events to establish a pattern of events that could influence an 48 

injurious scenario. Using this method, previous research in rugby union has established that 49 

tacklers were more likely to be injured during the final quarter of games, and were less likely 50 

to be injured when they performed a shoulder/arm tackle compared to making initial contact 51 

with the head/neck (Burger et al., 2017). Furthermore, tacklers were less likely to be injured 52 

when the ball carrier’s legs were brought to ground before another body region (Burger et al., 53 

2017).  In rugby league, it was found that the most frequently reported tackle-related injury 54 

occurred when contact with the ball carrier was made at the shoulder or mid-torso height  and 55 

secondly, having two or more tacklers involved in the tackle event was found to be most 56 

prominent for injury (King, Hume and Clark, 2012). However, to date, no research has 57 

investigated the characteristics of the rugby league tackle event and this level of detailed 58 

analysis has been confined to rugby union (Burger et al., 2016, 2017; Hendricks et al., 2016; 59 

Tierney et al., 2018).   60 

 61 

In rugby league, the ball carrier (39/1000 hours) is nearly twice as likely to be injured than the 62 

tackler (20/1000 hours) during a tackle event (Tee, Till and Jones, 2019). However, no research 63 

to date has investigated the tackler-related characteristics during a ball carrier injurious event. 64 

Identifying the actions of the tackler and ball carrier and their importance during these events 65 



will enhance current understanding of injury prevention strategies during tackles in rugby 66 

league (King, Hume and Clark, 2010). Furthermore, previous tackle injury research within both 67 

rugby league (King, Hume and Clark, 2010) and rugby union (Burger et al., 2016, 2017; 68 

Davidow et al., 2018) typically use statistical approaches that assume each variable included 69 

within the model behaves independently of each other, such as multinomial logistic regression 70 

or various types of one-way analysis of variance (Kirasich, Smith and Sadler, 2018). The nature 71 

of a tackle scenario within rugby league suggests a tackle event is likely to encompass a 72 

network of relationships within a complex dynamic system (Colomer et al., 2020). 73 

Consequently, the characteristics of a tackle likely possess some level of shared and unique 74 

variance. This multicollinearity violates assumptions of multinomial logistic regression and 75 

one-way analysis of variance and likely limits attempts to understand the true mechanism of 76 

injury (Dutt-Mazumder et al., 2011). Subsequently, analyses such as random forest, which 77 

appropriately considers any underlying interactions between variables (Weaving et al., 2017) 78 

are a more appropriate analysis to identify which variables are associated with tackle injury 79 

events.  80 

 81 

The aims of this study were to firstly identify which tackle-related characteristic variables 82 

possess the greatest relative importance to classify injurious tackle events to the ball carrier in 83 

comparison to non-injurious tackles. Secondly, the study aims to identify the capability of those 84 

characteristic variables to correctly classify ball carrier injurious and non-injurious tackle 85 

events in the European Super League. Identifying these variables provides a greater 86 

understanding of the mechanisms of the injury to the ball carrier during the tackle event in 87 

rugby league. In doing so, players, coaches and governing bodies can identify aspects of the 88 

tackle to develop strategies for better protect players during these events and therefore reduce 89 

injury incidence.   90 

 91 

METHODS 92 

 93 

Injury Surveillance data 94 

 95 

Injury surveillance data from the 2017 and 2018 European Super League seasons were collated 96 

via an online reporting survey tool (Fitzpatrick et al., 2018). Information regarding the injuries 97 

sustained by players in matches were uploaded to an online platform by the lead 98 

physiotherapists at each club. Details of all injuries were classified according to the consensus 99 



reached in previous rugby league injury research (Fitzpatrick et al., 2018). Any injury in which 100 

the mechanism was tackling or being tackled, and the severity of the injury was minor (4-7 101 

calendar days) or major (28+ calendar days) were included in the study. 102 

 103 

 104 

Inclusion criteria  105 

 106 

The extracted tackle events were then checked against match video footage obtained from the 107 

OptaRugby video database. Match footage was reviewed for each injurious tackle, and the 108 

respective tackle was identified. The reported time of injury from the injury surveillance data 109 

was then cross-checked from OptaRugby match reports to validate. For the injury to be 110 

included in the study, the following criteria had to be satisfied; 1) The ball carrier was removed 111 

immediately from the field after the apparent tackle injury event, 2) there were no errors within 112 

the injury surveillance data entry, 3) the coder could clearly identify the tackle which caused 113 

the injury to the ball carrier, 4) the whole contact event was visible on video, i.e. all tackle 114 

phases were visible from available video angles and 5) the ball carrier was the injured player 115 

in the event. From this inclusion criteria, 41 injuries were identified for inclusion within the 116 

study (Figure 1).    117 

 118 

**FIGURE 1 HERE** 119 

 120 

Non-injurious tackles 121 

 122 

To identify variables which are important for categorising injurious and non-injurious tackle 123 

events, a role-matched non-injurious sample is needed. To ensure the non-injurious sample is 124 

as appropriately matched to the injurious event, where possible, the non-injurious event was 125 

matched within the same game to align with the playing (team vs team) and game 126 

(weather/pitch/time in the season) conditions. Five matched non-injurious tackles with the 127 

same injured ball carrier were identified per injurious event. When the ball carrier did not 128 

complete five carries during the same match prior to the injurious event, the non-injurious event 129 

was sourced from the previous game at the similar match time of which the injurious event 130 

occurred. This resulted in a total of 205 non-injurious role-matched controls from the video 131 

database.  132 

 133 



Video analysis 134 

 135 

Video footage for injurious and non-injurious tackles to the ball carrier were analysed using 136 

Nacsport Scout Plus (Analysis Pro Ltd., Wales). The software allowed for control over the 137 

video playback and saving of each coded event descriptor. The tackle events identified were 138 

assessed retrospectively by the first author using 229 different tackle-related characteristics 139 

(Hopkinson et al., 2019) informed by previous literature (Deutsch, Kearney and Rehrer, 2007; 140 

Quarrie and Hopkins, 2008; Wheeler, Askew and Sayers, 2010; Fuller et al., 2010; King, Hume 141 

and Clark, 2010; Austin, Gabbett and Jenkins, 2011; Hendricks et al., 2014; Sewry et al., 2015; 142 

Burger et al., 2016, 2017; Speranza et al., 2017). The characteristics identified originated from 143 

the following tackle phase categories (1) tackle event, (2) defensive set up, (3) pre-contact, (4) 144 

initial contact (5) post-contact for both tackler and ball carrier and (6) play the ball. All of the 145 

tackle characteristics and associated descriptors used are included within the supplementary 146 

materials. The tackle event was tagged with the appropriate categorical descriptor and was 147 

extracted from Nacsport for further analysis.  148 

  149 

Reliability 150 

 151 

To test the overall reliability of the variables and methodology used, an intra and inter-coder 152 

reliability analysis was completed. For intra-coder reliability, 30 randomly selected tackles 153 

from the non-injurious group were coded twice. Coding of the same 30 tackles was separated 154 

by seven days (Wheeler, Askew and Sayers, 2010). For inter-coder reliability, an additional 155 

coder then coded the same 30 randomly selected tackles. Kappa statistics (κ) were used to 156 

evaluate intra- and inter-coder reliability for each randomly selected tackle (James, Taylor and 157 

Stanley, 2007). Kappa values between 0.90 and 0.99 show almost perfect agreement between 158 

repeated measures, values between 0.8 and 0.89 represent strong agreement, and 0.6 to 0.79 159 

represent moderate agreement (ODonoghue, 2014). 160 

 161 

Intra-coder reliability for the coded 30 tackles was: Tackle event variables κ = 0.95, defensive 162 

start point variables κ = 1, pre-contact variables κ = 0.94, initial contact variables κ = 0.89, post 163 

contact variables κ = 0.9. The inter-coder reliability was assessed using the same methods and 164 

the results were as follows: Tackle event variables κ = 0.92, defensive start point variables κ = 165 

0.85, pre-contact variables κ = 0.81, initial contact variables κ = 0.82, post-contact variables κ 166 

= 0.81. 167 



Statistical analysis 168 

 169 

All statistical analyses were carried out using R (R Core Team (2013). R: A language and 170 

environment for statistical computing. R Foundation for statistical computing, Vienna, Austria 171 

– version 3.5.1). The categorical data extracted from Nacsport were converted to binary code 172 

(i.e. descriptor present = 1, descriptor absent = 0). Random forest models were built using the 173 

randomForest package (Liaw and Wiener, 2002) to 1.) reduce the dimensionality of the dataset 174 

by evaluating which tackle characteristic variables possessed relative importance (compared to 175 

other variables) for classifying tackle events resulting in either injurious or non-injurious 176 

outcomes (binary) for the ball carrier and 2.) determine the sensitivity and specificity of the 177 

identified characteristics to classify injury and non-injury events for the ball carrier. Relative 178 

importance was determined by a Gini index; with a greater decrease in Gini index determining 179 

greater relative importance (Goldstein, Polley and Briggs, 2011). The top characteristics of 180 

relative importance were  determined independently by two researchers agreeing on a visual 181 

break (i.e. the ‘elbow’) within the Gini-index plot (Goldstein et al., 2010). Simply, ‘the elbow’ 182 

is a steep drop in the Gini-index values and through agreement, this point is selected as the cut 183 

off for important variables within the model. To allow the most parsimonious model to be used, 184 

a refined random forest was then conducted including only the characteristics deemed to 185 

possess relative importance from the agreed visual break (Genuer, Poggi and Tuleau-Malot, 186 

2010). Confusion matrices using the caret package (Kuhn, 2007) were generated to assess the 187 

sensitivity and specificity of the refined model to classifying the outcome variables 188 

(injurious/non-injurious. Qualitative interpretation of the sensitivity and specificity results 189 

were as follows: 0.5 (no value), 0.51 to 0.69 (poor), 0.7 to 0.79 (fair), 0.8 to 0.89 (good), 0.9 190 

to 0.99 (excellent) and 1 (perfect) (Akobeng, 2007).  In addition, descriptive characteristic data 191 

were reported by frequency and percentage for both the injurious or non-injurious ball carrier 192 

groups.  193 

 194 

RESULTS 195 

 196 

Tackle characteristics summary  197 

 198 

Table 1 provides an overall summary of modelled characteristics of injurious and non-injurious 199 

ball carrier tackles. Table 2 displays the descriptive characteristics of each variable in which a 200 

descriptor was found to be important.  201 



 202 
**TABLE 1 HERE** 203 

 204 

**TABLE 2 HERE** 205 

 206 

Relative Variable Importance 207 

 208 

Figure 2 shows the relative importance of tackle characteristic variables in the random forest 209 

model. Using the agreed visual break, six variables were shown as important for the 210 

classification between injurious and non-injurious tackles to the ball carrier. ‘The tackler 211 

twisted the ball carrier legs when the legs were planted on the ground’ (Gini index = 4.5) 212 

dominated the importance scale. ‘The tackler and ball carrier collide heads’ (Gini index = 2.1), 213 

‘the tackler used their own body weight to tackle the ball carrier’ (Gini index = 1.9), the tackler 214 

has obvious control of the ball carrier after initial contact until play the ball’ (Gini index = 215 

1.6), ‘the tackler was approaching the tackle sub-maximally for the movement performed’ 216 

(Gini index = 1.6) and ‘the tackler arms were below shoulder level and elbows were flexed’ 217 

(Gini index = 1.6) were the other variables deemed more important. 218 

 219 

**FIGURE 2 HERE** 220 

 221 

Model Performance  222 
 223 

When testing the model’s ability to classify injurious and non-injurious tackles, 19 (46.3%) 224 

false positive classifications, with 22 (53.7%) true positives were found. The model also found 225 

205 (100%) true negatives and 0 false negatives. The model’s accuracy was 0.919 (CI:0.877-226 

0.95). The sensitivity of the model was 0.995, with specificity at 0.525. Therefore, the random 227 

forest model had excellent to perfect ability to correctly classify injurious events (true positive 228 

rate – sensitivity) but it had poor capability to correctly classify non-injurious events (false 229 

positive rate – specificity).    230 



Twisting of the ball carrier’s legs 231 

 232 

Figure 3 in the supplementary material illustrates the most important descriptor to categories 233 

injurious and non-injurious tackles ‘the tackler twisted the ball carrier’s legs when the legs 234 

were planted on the ground’ and ‘the tackler lifted their own legs off the ground and used own 235 

body weight to bring ball carrier to ground’. 236 

 237 

DISCUSSION 238 

 239 

Characteristics of injurious tackles to the ball carrier in the European Super League 240 

 241 

Using random forest, the current study aimed to firstly identify which tackle-related 242 

characteristics possessed the greatest relative importance to classify ball carrier injurious and 243 

non-injurious tackle events to inform injury prevention strategies. Secondly, the study aimed 244 

to identify the capability of those characteristics to correctly classify ball carrier injurious 245 

tackle events in the European Super League. 246 

  247 

Six tackle-related characteristics were identified to be important for injurious tackle events of 248 

the ball carrier (Figure 2). The tackle characteristics were : (1) ‘The tackler twisted the ball 249 

carrier legs when as the legs were planted on the ground’, (2) ‘the tackler and ball carrier collide 250 

heads’, (3) ‘the tackler used their own body weight to tackle the ball carrier’, (4) the tackler 251 

has obvious control of the ball carrier after initial contact until play the ball’, (5) ‘the tackler 252 

was approaching the tackle sub-maximally for the movement performed’ and (6) ‘the tackler 253 

arms were below shoulder level and elbows were flexed’. When testing the ability of those 254 

characteristics to classify injurious events for the ball carrier, the sensitivity and specificity 255 

scores were reported at 0.995 and 0.525 (Table 2). Therefore, the high sensitivity results 256 

suggest that collectively, these characteristics can classify injurious tackle events to the ball 257 

carrier with excellent to perfect accuracy. However, the poor specificity score also shows that 258 

the presence of these tackle characteristic events do not always result in injury of the ball carrier 259 

which highlights the complex and dynamic nature of the tackle (Burger et al., 2016; Colomer 260 

et al., 2020).  261 

 262 

The characteristic with the greatest relative importance was ‘the tackler twisted the ball carrier 263 

legs when the legs were planted on the ground’ which occurred in 12 injurious events (29% of 264 



injurious sample). This suggest that ball-carrier’s lower limbs are at risk of injury. Although 265 

full injury diagnoses are not available from the current sample, a study from the European 266 

Super League between the 2013-15 seasons reported the medial collateral ligament injury as 267 

one of the most frequent injuries (3.9 per 1000 hrs), only behind hamstring strains (4.6 per 268 

1000 hrs) and concussion (4.6 per 1000 hrs) (Fitzpatrick et al., 2018). Furthermore, consistent 269 

with this finding, Gibbs, (1994) hypothesised the likely mechanism of an medial collateral 270 

ligament injury within rugby league were a players foot being fixed into the ground whilst their 271 

body is twisted in the opposite direction.  272 

 273 

The tackler may twist the leg of the ball carrier in an attempt to bring the ball carrier to ground. 274 

To do this, the tackler may also use their own body weight to reduce the momentum of the ball 275 

carrier. ‘The tackler using their own body weight’ was found to be highly important 276 

characteristic and was observed on 31 occasions in the injurious group (76% of injurious 277 

sample). In bringing the ball carrier to ground using their body weight, they are less likely to 278 

be in control of how the ball carrier is being grounded and this could potentially increase the 279 

chance of injury. The twisting motion of the ball carrier’s legs and the use of the tacklers body 280 

weight could be in some instances, coupled together. In the non-injurious tackle group, the use 281 

of body weight was observed 60 times (29% of non-injurious sample), showing large 282 

differences in relative occurrence between injurious and non-injurious groups (Table 2). Other 283 

possible characteristics such as ‘drove the legs/pushed with arms’ (12%) or ‘squeezing the 284 

tacklers legs and using their momentum’ (0%) were scarce within the injurious group and 285 

occurred frequently within the non-injurious group (53% and 43%). Likewise, an rugby union 286 

investigation (Quarrie and Hopkins, 2008) found the loading of a ball carrier’s body with the 287 

weight of the tackler appeared to be of high risk of severe knee, lower leg and ankle injuries. 288 

In the current study, ‘the tackler was approaching the tackle sub-maximally for the movement 289 

performed’ was found to be highly associated with an injurious tackle (49% of injurious 290 

sample). It is possible that due to a sub-maximal approach, a non-dominant tackle could occur 291 

and therefore the tackler could lose ground and/or be unable to significantly reduce the 292 

momentum of the ball carrier. Consequently, the tackler may in a desperate attempt, use their 293 

body weight to reduce the momentum of the ball carrier, coupled with a possible twisting 294 

motion. This supports Colomer et al., (2020) which suggested that when performing complex 295 

tasks in rugby such as tackling, the characteristics which occur comprise of dependencies and 296 

should be analysed as a whole tackle, rather than individual variables. Therefore, further insight 297 



into the dynamic relationships of these three tackle characteristics will be very informative for 298 

injury prevention practises.  299 

 300 

The tackler and ball carrier colliding heads occurred on six occasions in the injurious group 301 

(15% of injurious sample) vs once in non-injurious (1% of non-injurious sample) and was 302 

found to be important for classification (Table 2). Given the known dangers of head impact 303 

tackles and the strong association to concussion (Fuller et al., 2010) this is not surprising. In 304 

rugby union, Fuller et al., (2010) found 50% of the injuries sustained to the ball carrier’s head 305 

were a resultant of direct head/neck collision. Quarrie and Hopkins, (2008) reported that 28% 306 

of all injuries to the head/neck came from direct head to head contact. From this study, of the 307 

7 head collisions observed, 86% resulted in injury. However, although not identified in the 308 

current study, rugby union research hypothesises that the tackler’s ability to track the ball 309 

carrier onto their shoulder could be an important consideration (Tierney et al., 2018). If the 310 

tackler is unable to do this, it could result in the head positioning in line with the ball carrier’s 311 

trajectory, meaning a possible direct head collision (Tierney et al., 2018). High contact type 312 

tackles are reported as 4.25 times more likely to cause a head injury assessment and because 313 

of this, law changes in rugby union have been implemented to reduce the chance of head injury 314 

(Tucker et al., 2017). To reduce the chance of this injury in the European Super League, injury 315 

prevention strategies such as rule changes may be necessary to alleviate the incidence of 316 

concussion within the sport, which currently stands at 4.6 per 1000 hours (Fitzpatrick et al., 317 

2018) which is consistent with rugby union incidence at 4.7 per 1000 hours (Gardner et al., 318 

2014).  319 

 320 

The final characteristics associated with injurious tackles were ‘the tacklers arms were below 321 

the shoulders with elbows flexed’ which occurred 25 times (61% of injurious sample) and ‘the 322 

tackler was in obvious control of the ball carrier’ occurring 23 times (56% of injurious 323 

sample). As ‘the tacklers arms were below the shoulders with elbows flexed’ is within the pre-324 

contact phase, this characteristic could be the first in a ‘chain’ of events that lead to 325 

characteristics such as direct head collision or twisting of the ball carrier’s leg. In addition, it 326 

is important to note that both of these characteristics were also highly present within the non-327 

injurious sample (90% of the non-injurious sample) and therefore it seems that the two 328 

characteristics occur frequently in rugby league tackling. Further research with more injury 329 

data will allow the model to capture further details regarding these characteristics which in turn 330 



will contextualise their importance for injurious tackle events so that more informative 331 

strategies for injury prevention can be implemented.  332 

 333 

Limitations and future directions 334 

 335 

The current study was the first to accurately associate tackle-related characteristics with 336 

injurious tackle events to a ball carrier in the European Super League. However, as with all 337 

research, some limitations are apparent. The objective of the random forest is to classify 338 

injuries into two outcomes (injurious and non-injurious). In doing so, all types (i.e. concussion), 339 

locations (i.e. head/neck) and possible causes (i.e. contact with ground) of injuries were 340 

grouped into one sample.  Consequently, the model is assuming there can only be two outcomes 341 

(injury and non-injury). However in reality, as different types of injuries are nested within the 342 

injury class and therefore different characteristics of the tackle are likely to be important for 343 

classifying different injury mechanisms. This was necessary within the current research design 344 

as the number of accurate injury reports available from the surveillance data were limited 345 

compared to other tackle epidemiological based research (Quarrie and Hopkins, 2008; Fuller 346 

et al., 2010; McIntosh et al., 2010; Cross et al., 2017). Consequently, improvement in rugby 347 

league injury collection protocols is required to increase the quantity of validated injury reports. 348 

This will allow a greater sample to be present and facilitate a greater consideration of the 349 

interaction of tackle characteristic variables for specific injury types, locations and causes.  350 

 351 

CONCLUSION 352 

 353 

A random forests analysis of 41 and 205 tackle events, which were injurious and non-injurious 354 

of the ball carrier, identified six tackle characteristics important for classifying ball carrier 355 

injurious and non-injurious events in the European Super League. Twisting of the ball carrier’s 356 

legs possessed clear relative importance to classify injurious tackle events of the ball carrier. 357 

Additionally, loading of the tacklers body weight, head collision, sub-maximal speed on 358 

approach by the tackler, the tackler arms below the shoulder level and elbows flexed and 359 

control of the ball carrier emerged as important characteristics that could lead to ball carrier 360 

injury. Together, these variables could accurately classify an injury occurrence (true positive) 361 

but at the same time misclassified non-injurious events at a high rate (false positive). However, 362 

a larger data set, considering specific injury types would strengthen the model’s ability to 363 

classify injurious and non-injurious tackle events. In turn, this will provide further information 364 



on the mechanisms which can lead to injurious tackle events. Nonetheless, the identified 365 

characteristics may be used to identify aspects of rugby league tackling that can be modified 366 

to reduce the incidence of injuries which are associated with the tackle. 367 

 368 

REFERENCES 369 

 370 

Akobeng, A. K. (2007) ‘Understanding diagnostic tests 3: Receiver operating characteristic 371 

curves’, Acta Paediatrica, International Journal of Paediatrics, pp. 644–647. doi: 372 

10.1111/j.1651-2227.2006.00178.x. 373 

Andersen, T. E. et al. (2004) ‘Video Analysis of the Mechanisms for Ankle Injuries in 374 

Football’, American Journal of Sports Medicine, 31(1), pp. 69–79. doi: 375 

10.1177/0363546503262023. 376 

Austin, D. J., Gabbett, T. J. and Jenkins, D. J. (2011) ‘Tackling in a professional rugby 377 

league’, Journal of Strength & Conditioning Research, 25(6), pp. 1659–1663. doi: 378 

10.1519/JSC.0b013e3181da781c. 379 

Burger, N. et al. (2016) ‘Tackle technique and tackle-related injuries in high-level South 380 

African Rugby Union under-18 players: Real-match video analysis’, British Journal of Sports 381 

Medicine, 50(15), pp. 932–938. doi: 10.1136/bjsports-2015-095295. 382 

Burger, N. et al. (2017) ‘Mechanisms and Factors Associated with Tackle-Related Injuries in 383 

South African Youth Rugby Union Players’, American Journal of Sports Medicine, 45(2). 384 

doi: 10.1177/0363546516677548. 385 

Colomer, C. M. E. et al. (2020) ‘Performance Analysis in Rugby Union: a Critical Systematic 386 

Review’, Sports Medicine, 6(1), pp. 4–19. doi: 10.1186/s40798-019-0232-x. 387 

Cross, M. J. et al. (2017) ‘Tackling concussion in professional rugby union: a case–control 388 

study of tackle-based risk factors and recommendations for primary prevention’, British 389 

Journal of Sports Medicine, 53(16), pp. 1021–1025. doi: 10.1136/bjsports-2017-097912. 390 

Davidow, D. et al. (2018) ‘Tackle technique of rugby union players during head impact 391 

tackles compared to injury free tackles’, Journal of Science and Medicine in Sport, 21(10), 392 

pp. 1025–1031. doi: 10.1016/j.jsams.2018.04.003. 393 

Deutsch, M. U., Kearney, G. A. and Rehrer, N. J. (2007) ‘Time-motion analysis of 394 

professional rugby union players during match-play’, Journal of Sports Sciences, 25(4), pp. 395 

461–472. doi: 10.1080/02640410600631298. 396 

Dutt-Mazumder, A. et al. (2011) ‘Neural network modelling and dynamical system theory: 397 

Are they relevant to study the governing dynamics of association football players?’, Sports 398 



Medicine, pp. 1003–1017. doi: 10.2165/11593950-000000000-00000. 399 

Fitzpatrick, A. C. et al. (2018) ‘A three-year epidemiological prospective cohort study of 400 

rugby league match injuries from the European Super League’, Journal of Science and 401 

Medicine in Sport, 21(2), pp. 160–165. doi: 10.1016/j.jsams.2017.08.012. 402 

Fuller, C. W. et al. (2010) ‘Injury risks associated with tackling in rugby union’, British 403 

Journal of Sports Medicine, 44(3), pp. 159–167. doi: 10.1136/bjsm.2008.050864. 404 

Gabbett, T. J. and Hulin, B. T. (2018) ‘Activity and recovery cycles and skill involvements of 405 

successful and unsuccessful elite rugby league teams: A longitudinal analysis of evolutionary 406 

changes in National Rugby League match-play’, Journal of Sports Sciences, 36(2), pp. 180–407 

190. doi: 10.1080/02640414.2017.1288918. 408 

Gabbett, T., King, T. and Jenkins, D. (2008) ‘Applied physiology of rugby league.’, Sports 409 

medicine (Auckland, N.Z.), 38(2), pp. 119–138. doi: 10.1067/j.cpradiol.2007.08.006. 410 

Gardner, A. J. et al. (2014) ‘A systematic review and meta-analysis of concussion in Rugby 411 

Union’, Sports Medicine, pp. 1717–1731. doi: 10.1007/s40279-014-0233-3. 412 

Genuer, R., Poggi, J. M. and Tuleau-Malot, C. (2010) ‘Variable selection using random 413 

forests’, Pattern Recognition Letters, 31(14), pp. 2225–2236. doi: 414 

10.1016/j.patrec.2010.03.014. 415 

Gibbs, N. (1994) ‘Common Rugby League Injuries: Recommendations for Treatment and 416 

Preventative Measures’, Sports Medicine, 18(6), pp. 438–450. doi: 10.2165/00007256-417 

199418060-00007. 418 

Goldstein, B. A. et al. (2010) ‘An application of Random Forests to a genome-wide 419 

association dataset: Methodological considerations and new findings’, BMC Genetics, 11(1), 420 

p. 49. doi: 10.1186/1471-2156-11-49. 421 

Goldstein, B. A., Polley, E. C. and Briggs, F. B. S. (2011) ‘Random forests for genetic 422 

association studies’, Statistical Applications in Genetics and Molecular Biology, p. 32. doi: 423 

10.2202/1544-6115.1691. 424 

Hendricks, S. et al. (2014) ‘Tackler characteristics associated with tackle performance in 425 

rugby union’, European Journal of Sport Science, 14(8), pp. 753–762. doi: 426 

10.1080/17461391.2014.905982. 427 

Hendricks, S. et al. (2016) ‘Video analysis of concussion injury mechanism in under-18 428 

rugby’, BMJ Open Sport & Exercise Medicine, 2(1), pp. 1–11. doi: 10.1136/bmjsem-2015-429 

000053. 430 

Hopkinson, M. et al. (2019) 'Descriptions and defintions for the rugby league tackle' ISPAS 431 

conference and workshop, 12-13 September, Budapest, Hungary. doi: 432 



10.13140/RG.2.2.16174.05444 433 

James, N., Taylor, J. and Stanley, S. (2007) ‘Reliability procedures for categorical data in 434 

Performance Analysis’, International Journal of Performance Analysis in Sport, 7(1), pp. 1–435 

11. doi: 10.1080/24748668.2007.11868382. 436 

King, D., Hume, P. A. and Clark, T. (2012) ‘Nature of tackles that result in injury in 437 

professional rugby league’, Research in Sports Medicine, 20(2), pp. 86–104. doi: 438 

10.1080/15438627.2012.660824. 439 

King, D., Hume, P. and Clark, T. (2010) ‘Video analysis of tackles in professional rugby 440 

league matches by player position, tackle height and tackle location.’, International Journal 441 

of Performance Analysis in Sport, 10, pp. 241–254. 442 

Kirasich, K., Smith, T. ; and Sadler, B. (2018) ‘Random Forest vs Logistic Regression: 443 

Binary Classification for Heterogeneous Datasets’, SMU Data Science Review, 1(3), pp. 1–444 

24. 445 

Krosshaug, T. et al. (2007) ‘Mechanisms of anterior cruciate ligament injury in basketball: 446 

Video analysis of 39 cases’, American Journal of Sports Medicine, 35(3), pp. 359–367. doi: 447 

10.1177/0363546506293899. 448 

Kuhn, M. (2007) ‘Variable Importance Using The caret Package’, Area. 449 

Liaw, A. and Wiener, M. (2002) ‘Classification and Regression with Random Forest’, R 450 

News. 451 

McIntosh, A. S. et al. (2010) ‘Tackle characteristics and injury in a cross section of rugby 452 

union football’, Medicine and Science in Sports and Exercise, 42(5), pp. 977–984. doi: 453 

10.1249/MSS.0b013e3181c07b5b. 454 

ODonoghue, P. (2014) Research Methods for Sports Performance Analysis, International 455 

Journal of Performance Analysis in Sport. doi: 10.4324/9780203878309. 456 

Olsen, O. E. et al. (2004) ‘Injury mechanisms for anterior cruciate ligament injuries in team 457 

handball: A systematic video analysis’, American Journal of Sports Medicine, 32(4), pp. 458 

1002–1012. doi: 10.1177/0363546503261724. 459 

Quarrie, Kenneth L. and Hopkins, W. G. (2008) ‘Tackle Injuries in Professional Rugby 460 

Union’, Am J Sports Med. doi: 10.1177/0363546508316768. 461 

Quarrie, Kenneth L and Hopkins, W. G. (2008) ‘Tackle Injuries in Professional Rugby 462 

Union’, The American Journal of Sports Medicine, 36(9), pp. 1705–1716. doi: 463 

10.1177/0363546508316768. 464 

Sewry, N. et al. (2015) ‘The Relationship Between Playing Situation, Defence and Tackle 465 

Technique in Rugby Union’, International Journal of Sports Science & Coaching, 10(6), pp. 466 



1115–1128. doi: 10.1260/1747-9541.10.6.1115. 467 

Speranza, M. J. A. et al. (2017) ‘Changes in rugby league tackling ability during a 468 

competitive season: The relationship with strength and power qualities’, Journal of Strength 469 

and Conditioning Research, 31(12), pp. 3311–3318. doi: 10.1519/JSC.0000000000001540. 470 

Tee, J. C., Till, K. and Jones, B. (2019) ‘Incidence and characteristics of injury in under-19 471 

academy level rugby league match play: A single season prospective cohort study’, Journal 472 

of Sports Sciences, 37(10), pp. 1181–1188. doi: 10.1080/02640414.2018.1547100. 473 

Tierney, G. J. et al. (2018) ‘The Effect of Tackler Technique on Head Injury Assessment 474 

Risk in Elite Rugby Union’, Medicine and Science in Sports and Exercise, 50(3), pp. 603–475 

608. doi: 10.1249/MSS.0000000000001461. 476 

Tierney, G. J. and Simms, C. K. (2018) ‘Can tackle height influence head injury assessment 477 

risk in elite rugby union?’, Journal of Science and Medicine in Sport, 21(12), pp. 1210–1214. 478 

doi: 10.1016/j.jsams.2018.05.010. 479 

Tucker, R. et al. (2017) ‘Risk factors for head injury events in professional rugby union: A 480 

video analysis of 464 head injury events to inform proposed injury prevention strategies’, 481 

British Journal of Sports Medicine, 51(15), pp. 1152–1157. doi: 10.1136/bjsports-2017-482 

097895. 483 

Weaving, D. et al. (2017) ‘The case for adopting a multivariate approach to optimize training 484 

load quantification in team sports’, Frontiers in Physiology, p. 8. doi: 485 

10.3389/fphys.2017.01024. 486 

Wheeler, K. W., Askew, C. D. and Sayers, M. G. (2010) ‘Effective attacking strategies in rugby 487 

union’, European Journal of Sport Science, 10(4), pp. 237–242. doi: 488 

10.1080/17461391.2010.482595. 489 

  490 



Figure 1. Criteria and inclusion breakdown of the injurious tackle data from the 2017 and 2018 injury 491 
surveillance data.  492 



 493 

 494 
 495 
 496 
 497 
 498 
  499 

Figure 2. Random forest plot of Gini index scores for tackle injury variable importance. 

(1)The tackler twisted the ball carriers legs as their legs were planted on the ground. (2) The tackler and ball carrier collided heads. (3) The tackler lifted their own legs off the ground 
and used their own body weight to bring the ball carrier to the ground. (4) The tackler was in obvious control of the ball carrier after initial contact until play the ball. (5) The tackler 
was approaching the tackle sub-maximally for the movement performed. (6) The tacklers arms were below shoulder level and elbows were flexed. (7) The tacker did not twist the 
ball carriers legs. (8) The tacklers hands were dropped in an extended position. (9) The tackle took place between the 90m and try line. (10) The tackler was in control of their own 
body weight. (11) The tackler initially struck any area from the ball carriers arm pit to the shoulder, including the arm. (12) The tackler did not shorten their steps and decelerate 
before contact. (13) The ball carrier was moving with maximal effort for the movement performed. (14) During the tackle, there was neither a reduction or gain of ground towards 
the defenders try line since initial contact. (15) The ball carrier provided a light to moderate fend. (16) The attacking team has conceded 2 tackles before the set was reset by the 
referee. (17) The tackler made initial contact at the ball carriers side. (18) The tackler had no leg drive during contact. (19) The ball carrier provided no fend. (20) The tackler produced 
rotation of the upper body causing explosiveness on impact. (21) The tackler initially struck the area above the ball carriers rib cage to arm pit. (22) The tackler held any body part 
above the shoulder. (23) The tackler initially struck the area above the shoulder with any connection with the head/neck. (24) The tackler displayed no hip flexion and was in an 
upright position. (25) The ball carrier displayed no hip flexion and was in an upright position. (26) The tackler uses contact with their should as the first point of contact. (27) The 
tacklers head was higher than the ball carrier’s torso during contact. (28) The tackler held any body part between ball carriers rib cage to hips. (29) The tackler impedes the ball carrier 
with the arms. (30) The chin of the ball carrier was high (neck extension).  



Table 1. Descriptive summary data of typically reported variables for injurious and non-injurious tackles to ball carrier.  500 

  

Injurious tackles to 

ball carrier  

(n = 41) 

Percentage of 

injurious 

sample  

(%) 

Non-injurious tackles 

to ball carrier  

(n = 205) 

Percentage of 

non-injurious 

sample  

(%) 

Number of tacklers     

1 15 37 42 20 

2 15 37 86 42 

3 10 24 76 37 

4 1 2 1 >1 

Tackle outcome   

Dominant  1 2 6 3 

Passive 14 34 116 57 

Neutral 20 49 57 28 

Tackle break 0 0 4 2 

Offload 2 5 13 6 

Try scored 1 2 3 1 

Tackled out of play 0 0 2 1 

Ball dropped 1 2 4 2 

Illegal tackle 2 5 0 0 

Tackle direction   

Front 20 49 125 61 

Oblique 10 24 65 32 

Side 9 22 14 7 

Behind 2 5 1 >1 

Tackle type   

Shoulder tackle 10 24 46 22 

Smother tackle 8 20 82 40 

Arm tackle 23 56 71 35 

Shirt grab 0 0 5 2 

Tap tackle 0 0 1 >1 

            Pitch area (0m = own try line) 
0m-10m 1 2 7 3 

10m-30m 6 15 38 19 

30m-50m 8 20 68 33 

50m-70m 7 17 41 20 

70m-90m 4 10 24 12 

90m-100m 15 37 27 13 
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Table 2. Descriptive characteristic data of injurious and non-injurious tackles for each variable which included a descriptor 502 
of relative importance.  503 

 
Injurious tackles to 

ball carrier 

(n = 41) 

Percentage 

injurious of 

sample  

(%) 

Non-injurious 

tackles to ball 

carrier 

(n = 205) 

Percentage of 

non-injurious 

sample  

(%) 

Twisting of the ball carrier hips/legs     

The tackler did not twist the ball carrier legs 29 71 201 98 

The tackler twisted the ball carrier’s legs as the 

legs were planted on the ground 

(Supplementary material) * 

12 29 0 0 

The tackler twisted the ball carrier’s legs when 

the legs were not planted on the ground 
0 0 4 2 

Ending the tackle     

The tackler pulled the ball carrier to ground 

with the arms 
1 2 0 0 

The tackler drove the legs or pushed with the 

arms to ground the ball carrier 
5 12 53 26 

The tackler lifted their own legs off the ground 

and used own body weight to bring ball carrier 

to ground (Supplementary material) * 

31 76 60 29 

The tackler impeded (i.e. squeeze the legs) the 

ball carrier and the momentum grounded the 

ball carrier 

0 0 43 21 

The tackler appeared to have no clear strategy 

in bringing the player to ground. 
4 10 49 24 

Arm position     

The tacklers arms were dropped in extended 

position 
12 29 15 7 

The tacklers arm(s) were level or above the 

height of their shoulders 
4 10 5 3 

The tacklers arms were below the shoulder and 

the elbows were flexed (an active position)* 
25 61 185 90 

Head collision     

The tackler and ball carrier collide heads * 6 15 1 1 

The tackler and ball carrier did not collide 

heads 
35 85 204 99 

Speed of tackler     

The tackler was approaching the tackle with 

maximal speed for the movement performed 
14 34 17 8 

The tackler was approaching the tackle with 

sub-maximal speed for the movement 

performed * 

20 49 174 85 



The tackler was stationary or walking 7 17 14 7 

Control of ball carrier     

The tackler has obvious control of the ball 

carrier after initial contact until play the ball * 
23 56 170 83 

The tackler does not have obvious control of 

the BC after initial contact until play the ball 
18 44 35 17 

*High relative importance 
 
I, Injury; NI, non-injury  
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