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Abstract. The paper presents an approach to determine head and neck injuries to ensure a 
higher level of protection of motorcyclists. A certified helmet, which is mandatory safety device 
for motorcyclists in EU countries does not provide safety in all aspects of head-neck related 
injuries. The focus of the research is the determination of risk and potential consequences of 
neck injuries. In 2016, in Poland, motorcyclists were involved 823 in accidents: 132 of them 
died and 801 were injured [1]. In many cases the user’s head was protected due to wearing a 
helmet matching the demands of the ECE22.05 standard. The standard demands fulfilling of 
the Head Impact Criteria (HIC), which bases on a resultant linear acceleration over a fixed time 
window. However, as HIC is related to head injuries only, the coherence between cranial 
impacts and possible occurring injuries of neck and spine is regarded exemplarily by the Neck 
Injury Criteria (NIC). NIC correlates the damage, that can be spotted in the cervical spinal 
ganglia with the movement between the head and its base in T1 vertebra. Unlike in regular 
whiplash injuries, the presence of a rotational component of acceleration in form of rotation of 
the torso underlines the need of the authors research. Therefore, injury criteria of head and neck 
are connected in a consecutive step. Thus, the authors performed some numerical simulations 
of a helmeted Hybrid III dummy to determine a risk of head and neck injuries by the use of 
coupled MADYMO and LS-DYNA codes (Fig. 1).   

  

 

 
Fig. 1. The Hybrid III 50th percentile MADYMO dummy with a close-up head-neck connection (left) 

and the position dummy on a motorcycle impacting at 60 km/h again a road barrier (right). 
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