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1. Introduction

Recent news in Rugby Union highlight the necessity
to prevent concussions and injuries during training
and matches. The number of concussions has indeed
been reported to increase in the last decades (Finch
et al. 2013). This is mostly due to the anatomy of
professional rugby players (muscular development,
higher body mass index- BMI).While the rugby union
rules have been changing to promote safer practice in
scrum, the players get highly injured during tackles
(Fuller et al. 2010). Multiple influences on injury
risks, such as the impact conditions or the player’s
morphology, have not been fully studied. In tackling,
both the tackler (T) and the ball carrier (BC), their
morphology and initial position need to be studied to
fully describe the tackle impacts. Experimentally, on
field data can be acquired with sensors and epidemio-
logical studies have been carried to correlate the type
of injury with the impact conditions (Kuster
et al. 2012).

The injury risks associated with head and neck
have been quantified through deferent indices. The
Head Injury Criteria (HIC), which correlates the ser-
iousness of an head injury with decelerations along
the time (Viano 2005). The head’s angular acceler-
ation has also been associated with shear strain that
could cause brain injury (Patton et al. 2012). Indeed,
those data are required to diagnose and predict play-
ers’ injuries.

While lowering the required computer resources,
the multi-body analysis enables the estimation of such
initial conditions (Tierney and Simms 2017). Various

multi-body models exist and can been used depend-
ing on the application and their range of motion
calibration.

This work aims 1) to quantify the injury risk asso-
ciated to different types of tackle, 2) to quantify the
influence of morphology and conditions of impact,
and 3) to identify potential best practices that need to
be promoted for a safer play.

2. Methods

2.1. Multi-body simulation

The Pedestrian Ellipsoid Model (PEM) (Figure 1(c))
was developed by Tass international# in the
MADYMO environment. The TNO PEM consists of
52 rigid bodies and includes six frangible joints in
each leg. This model can be scaled to any required
body size using GEBOB program. Such model has
been calibrated for the kinematic of the head impact
during a pedestrian collision and has been used to
estimate the neck force and the head acceleration in
motor researches.

2.2. Parametric study

Three parameters are studied: The BMI of BC and T
and the angle of pre-tackle. The BMIs are set to 27.8,
26.3 and 31.6 kg.m�2 for both players (respectively
1.75m/85 kg, 1.95m/100 kg and 1.95m/120 kg). The
angles of pre-tackle are set to 0�, 35� and 80� (Figure
1(a, b)). This results in a total of 27 simulations.

2.3. Post-processing and statistical analysis

Maximum forces applied at junction between the
head and the neck for both players are computed.
Both linear and angular accelerations are evaluated
at the centre of mass of the head. HIC for both
players are computed as the integration of the lin-
ear acceleration during 15ms chosen to maximize
this value (Figure 1(d)). The sensitivity of each par-
ameter is assessed using ANOVA and the compari-
son between simulations using Wilcoxon test.

3. Results and discussion

The 27 simulations ran in 20min in average. The
changes in pre-tackle angle appear to have a different
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influence on neck force for BC and T. The neck force
on BC was found higher for the 35� situation while it
decreases with the increasing pre-tackle angle for T
reaching 2370.9 ± 243.8 (N) in average at 0�. The
accelerations and HIC for BC increased with decreas-
ing angle. On the opposite T’s angular acceleration
increased with increasing angles. The linear acceler-
ation and HIC are then found higher for the 35� con-
figuration for T.

The HIC and linear acceleration of BC is found
significantly higher than T’s (p< 0.001). The angular
acceleration is higher for T than for BC (Table 1).

While trends are visible for T’s BMIs, no signifi-
cant difference between BMIs were found on the sam-
ple of simulated situations. Further simulations are
required to conclude (Figure 2).

Compared to previous studies reporting head impact
in sport (King et al. 2015), linear and angular accelera-
tions computed here are in the same range (36.74 ± 9 g
for linear acceleration and 3620 ± 3605 rad.s�2 angular
acceleration for King et al. 2015)

Limitations: the calibration and the validation of
the model could be improved. We could confront
those results with experimental tests, which recon-
structed tackle in Rugby or in American and
Australian football. The setting of the multi-body
model could also be modified to take into account
the players’ head position and the tackle height.

4. Conclusions

Those first results show the feasibility of the multi-
body analysis for the determination of initial impact

Figure 1. A) Simulation with 0� angle of pre-tackling, B) Simulation with 35� angle of pre-tackling, C) Tackler and ball carrier
models initial position, D) linear acceleration representation for simulation of small BMIs.

Table 1. Influences of the pre-tackle angle on neck forces, linear and angular acceleration for BC and T.
Pre-tackle angle Neck Force (N) Linear Acceleration (g) Angular acceleration (rad.s-2) HIC15ms(g.s-1)

0� 1602.6 ± 88 47.8 ± 4 2092.7 ± 387 186.8 ± 34
35� 1827.6 ± 584 42 ± 9 1948.9 ± 385 166 ± 29
80� 1431 ± 279 33.8 ± 4 1518.7 ± 230 82.4 ± 29
0� 2370.9 ± 243 54.2 ± 74 1527.6 ± 578 35.8 ± 15
35� 1740.9 ± 321 101.4 ± 72 3391.8 ± 1532 68.6 ± 61
80� 1531.1 ± 289 58.5 ± 36 3892.8 ± 4228 46.7 ± 47

Figure 2. HIC of BC (top) and T (bottom) depending of the
BMI of each player.
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conditions of rugby tackle, which could be used for
future finite element modelling of the head and neck.
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