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Introduction:
• A concussion is defined as a complex pathophysiological process affecting the 

brain as a result of a biomechanical force (McCrory et al., 2013)

• In Rugby Union the incidence of concussion is 4.5/1000 player hours and 50% 
are as a result of a tackle (Fuller et al., 2015)

• Research has attempted to identify an impact threshold at which the likelihood of 
a concussion increases (Guskiewicz et al. 2007 & Guskiewicz & Mihalik 2011)

• Recently the number of impacts has been linked to neurodegenerative changes 
in current players (Breedlove et al., 2012 & Talavage et al., 2010)

Aim:
• To explore the linear and angular acceleration of the head during a simulated 

front-on Rugby Union tackle for forwards and backs. 

Methods:
• Rugby players (n=41) performed 10 tackles in a randomized order (5 preferred 

& 5 non-preferred side) against a 50kg boxing bag moving at a speed of 4.2m/s
• Participants began their run up 3 meters from where they made contact with bag
• Participants were provided with a familiarization protocol for each shoulder 
• Participants were instructed to:

1. Make shoulder contact with the bag at a set target
2. Tackle as hard as possible
3. Tackle the bag square on and drive through with the legs
4. Start with the same foot forward for every tackle

• During each tackle a CSx Head Positioning Unit (an accelerometer the size of a 
dollar coin) was worn on the mastoid process behind the ear (See Figure 2)

• The sensor recorded linear (4000Hz) and angular head acceleration (3200Hz) 
for a total of 15ms for all impacts exceeding the 10g threshold 

• The sampled data included three axes of linear and angular acceleration, 
which represent the anterior-posterior, medial-lateral and vertical directions, 
formulated from this was the resultant acceleration.

• The variables of interest were the peak acceleration and area under the curve 
(AUC) for both linear acceleration (g) and angular acceleration (rads/s2)

Results:
• 370 tackles exceeded the 10g threshold
• Peak linear acceleration ranged from 20.1 to 236g
• Peak angular acceleration ranged from 431 to 3460 rads/s2

• The reliability of the tackle forces was poor for linear (ICC=0.21) and rotational 
acceleration (ICC=0.22) 

• None of the comparisons between forwards and backs and between those who 
had and had not experienced a concussion were statistically significant (all 
p>0.05).

Conclusion:
• Mean linear acceleration for forwards and backs preferred and non preferred 

side in the simulated tackle was greater than mean linear acceleration during 
all contact events in match play (22g) (King et al., 2015) 

• However mean rotational acceleration was less than what was observed in 
gameplay (3902 rads/s2) (King et al., 2015)

• Mean linear acceleration was  greater than what has been seen in other 
simulated impacts in American Football (Pellman et al., 2003)

• Future research would need a much larger sample of tackles to identify risk 
factors

• Investigation into head acceleration during gameplay is needed and in 
particular the tackle situation

Table 1. Participant Characteristics (MeanSD)
 Forwards (n = 23) Backs (n = 18)
Age (years) 22  4 21  2
Height (cm) 182  5 181  5
Weight (kg) 99  13* 84  9*
Neck Girth (cm) 42  3* 40  2*
Neck Length (cm) 15  2 15  1
Club rugby exp. (years) 3  2 3   2
Number of concussions 1.0  1.5 0.3  0.8
*significant difference (p<0.05)

Table 2. Peak linear, peak angular acceleration, area under the linear and 
angular acceleration curves (Mean  SD) by position and shoulder preference

Linear Acceleration (g) Angular Acceleration (rads/s2)

  Side Peak AUC Peak AUC

Forwards Preferred 66   23 1249  354 811  423 167880  27411

 Non-
preferred

81  29 1373  352 747  470 158139  25114

Backs Preferred 75  30 1471  395 989  435 161838  30749
 Non-

preferred
78  37 1335  281 851  454 167590  26528
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Figure 1. Setup of simulated front-on Rugby Union tackle experiment

Figure 2. Accelerometer placed 
on mastoid process

Figure 3. Participant performing simulated 
front-on Rugby Union tackle


