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SUMMARY 

Biomechanical response of head during the mechanical 
loading is world-wide accented problems. We are able to 
monitor the biomechanical response of biological structure on 
the actual load on the basis of scanning of biomechanical 
values during physiological and light impacts loading and next 
application of extreme load by way of mathematical modeling. 
We have used mathematical and physical models for the 
computational tasks of inverse dynamics that allow us to solve 
interactional biomechanical conditions in both real and 
extrapolated extremely-loading situations. Based on changes 
of input mechanical loading, i.e. changes of static, dynamic, 
impulse and inertial loading, we have been able to determine 
appropriate biomechanical reaction and specify the value of 
the HIC (Head Injury Criterion) which can be approximately 
correlated to the AIS (Abbreviated Injury Scaled). As for the 
rostral segment we consider its endurance against injury with 
employment especially in the passive safety of vehicles and 
sports. 
 

INTRODUCTION 

Head injury is the most frequent cause of life threat. It is 
caused by strong impact of the head to some sort of obstacle. 
The most frequent is a traumatic brain injury. A key for 
understanding an external stress which causes the injury is an 
internal mechanical response of the brain. It comes from an 
external mechanical impact, transported from the head's skin 
to the brain threads via the skull. An inner mechanical 
response is affected by a strength and duration of an external 
mechanical impact. The strength has to be large enough for the 
injury-causing tension to affect the brain threads. In other 
words, some degree of tolerance has to be exceeded. The 
duration determines a manner and scale of internal brain 
tension. 
 

   
 
Figure 1:  Experiment – live head, figurine, model Hybrid III 
 
 

METHODS 

The goal of the experiment was to simulate various 
characteristic external mechanical loading in laboratory 
conditions. This loading is represented by individual 
detectable internal mechanical responses. Based on the results 
of this experiment it is possible to evaluate a biomechanical 
response to extreme loading with greater precision and to 
better characterize the injury criterion and possibly incurred 
injuries. The main detection method consists in scanning 
biomechanical reactions to external mechanical loading.  
Measuring took place on probands as well as a figurine 
ÚSMD Manikin. Thus can be simultaneously compared 
biomechanical response of a “living” head and a figurine head 
to an impact. Subsequently, the experiment was modeled by 
using multibody simulation software (Madymo) with 
application of Ellipsoid model of 50th percentile Hybrid III 
(sitting) male dummy.  
 
 
RESULTS AND DISCUSSION 

In the moment of impact into the head is the impactor's speed 
sharply decreased, deceleration increases, the dampening foam 
is compressed and the impactor transfers its energy via 
specific contact areas to the head. A head gains large 
acceleration with approx. 2ms delay, which propagates 
dorsally. The motion is unevenly accelerated. After approx. 
6ms reaches the impactor's deceleration its top value and 
begins to decrease and inhibit. Acceleration of a head 
continues for 3 more milliseconds and in a particular moment 
that depends on rigidity and strength of the impact, regarding 
violence timespan, it stops and starts a decrease (Figure 1, 2). 
 

 
 
Figure 1:  Course of acceleration during impact – live head 
 



 
 
Figure 2:  Course of acceleration during impact – figurine 
 
Live head acceleration depending on speed and strength of the 
impact. A little displacement of the pendulum (measurements 
001 and 004) resulted in slow impact in order of 10 ms with 
regular acceleration increase and decrease. A medium 
displacement (002 and 005) accelerated both increase and 
decrease of the acceleration to approx. 8 ms while inhibition is 
still smooth because of inhibited aperiodic oscillation. For the 
largest displacement (003 and 006) had the time shortened to 
approx. 6 ms and we could also notice another wave in the 
inhibition as well as a slight short increase of the acceleration 
during deceleration (Figure 3, 4).  
 

 
 
Figure 3:  Course of acceleration during impacts – proband O 

 

 
 

Figure 4:  Course of acceleration during impacts – proband P 
 

CONCLUSIONS 

We can see similar values resulting for both probands as well 
as for Ellipsoid model of 50th percentile Hybrid III. For the 
figurine Manikin we have got much higher values, though. 
This is caused by a lack of inhibition for figurine head 
compared to a “living” one, so its acceleration switches to 
opposite values instantly after primary increase. Evaluating 
HIC for a shorted timespan and considering only the primary 
acceleration peak seems to be an appropriate solution (Table 
1).  
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Table 1: Tables may extend across both columns, and those should be included at the bottom of the proceeding. 
 

HIC Tested O Tested P Dummy Dummy – primary peak  Multibody simulation 

/001 19 18 19 12 23 

/002 97 73 305 65 101 

/003 188 177 708 134 195 
/004 36 27 36 18 38 
/005 128 110 447 110 145 
/006 215 185 1428 257 239 

 


