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Abstract: The aim of this work is to study the influence of head boundary conditions during real-world pe-
destrian head trauma simulation. Both Multi-Body System (MBS) and Finite Element (FE) models are used 
for pedestrian-versus-vehicle accident reconstructions. Four head boundary conditions are studied (from an 
isolated head to a head attached to the whole body). The effect of each configuration on head mechanical re-
sponse parameters is computed. The responses include rigid-body kinematics responses as well as the in-
tra-cerebral responses of a head FE model. It appears that head boundary conditions at neck level are signifi-
cant, especially in terms of intra-cerebral response. 
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1. Introduction 

The assessment of pedestrian head impact protection 
provided by passenger vehicles has come to involve the 
use of free-flight, subsystem head-forms (UNECE, 2009, 
EuroNCAP, 2004). In these tests, rigid head-forms rep-
resenting adult and child pedestrians are launched at the 
hood and lower windscreen area of the vehicle, to assess 
injury potential. For the reconstruction of real-world 
cases, sub-system tests have also been used to indicate 
the relative severity of impacts and the appropriateness 
of test criteria (Anderson et al., 2002). 

Of course, the head of a pedestrian in an actual colli-
sion with a passenger vehicle is not in free flight upon 
impact, and has constraints placed upon it by the rest of 
the pedestrian’s body. The methodology used for the 
simulation of pedestrian head trauma, in particular at 
neck boundary conditions, may influence the head re-
sponse and in turn may have an effect on model based 
head injury criteria based on such reconstructions. Deck 
et al. (2008) and Takhounts et al. (2008) proposed toler-
ance limits for head injuries during head impact based on 
a FE model without regard to head boundary conditions. 
Kleiven in 2007 published a head neck model but with-
out any coupling with the thorax. It is the influence of 
the boundary conditions that the body provides that is the 
topic of this paper. Few studies have been carried out 
about head boundary conditions. Ishikawa et al. (2003) 
and Okamoto et al. (2000, 2006) conducted crash tests 
with a standard impactor and a dummy on two different 
front shapes of vehicle. These tests show differences 
between the two kinds of test using two different head 
conditions. Their main conclusion was that the current 
procedures based on subsystem tests should be improved 
to better represent the real life accidents. 

The effects of the boundary condition placed on the 
head during test or simulation can be categorised ac-

cording to whether absolute measures of injury risk are 
affected, and/or whether relative measures of injury risk 
are affected. An effect on absolute measures might be of 
concern in biomechanical studies of the tolerance of the 
head to impact, such as using reconstruction in FE mod-
elling of the head, whereas an effect on relative measures 
of risk might be of more concern where the objective is 
to rank tests according to severity (such as in EuroNCAP 
assessments). In ranking tests, some threshold of accept-
ability is required and so these considerations are not 
unconnected. 

The objective of this study is to examine the influence 
of head boundary conditions on head impacts responses 
in reconstruction of actual collisions between pedestrians 
and passenger vehicles. In this way, four different head 
boundary conditions with different head loading are im-
plemented on pedestrian models using both multibody 
system (MBS) and finite element (FE) method. Head 
impact conditions as output linear and angular accelera-
tions are implemented in the Strasbourg University Finite 
Element Head Model (SUFEHM) under Radioss code. 

2. Methodology 

Both multibody system reconstructions were made using 
MADYMO® to reproduce the pedestrian kinematics and 
loadings in each case. FE reconstructions were made 
using RADIOSS. The linear and angular accelerations of 
the head estimated from the MBS reconstructions were 
used as input for FE reconstructions, and so particular 
attention was paid to ensuring appropriate contact prop-
erties for the head impacts in each case. Eight pedestrian 
accident cases are reconstructed and four different body 
configurations were implemented in both models. The 
mechanical responses of the head – maximal linear and 
angular accelerations, HIC and SUFEHM Criteria – were 
then evaluated in each case for each of the different body 
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configurations. 
The methodology used in this study falls to into the 

following phases: 
● Accident investigation, 
● MBS modelling of the collision, 
● Physical reconstruction of the leg and head impact 

using subsystem tests, and MBS characterisation of the 
stiffness of the passenger vehicles 
● Further MBS modelling to estimate head accelera-

tions, and other impact parameters in the accident 
● FE simulation of head impacts to compute intracra-

nial response for each case 
● Further MBS and FE modelling to examine the ef-

fects of body mass on the head kinematics and intracra-
nial response computed in the simulations. 

2.1. Accident Data 

The cases for this study came from a series of 77 pedes-
trian collisions investigated at the scene by the Centre for 
Automotive Safety Research. Investigations were ‘at the 
scene’ with the Centre’s crash investigation team imme-
diately deployed on notification from the South Austra-
lian emergency radio network. 

Accident data collection included physical evidence at 
the scene (skid-marks left by the vehicle were measured, 
along with the location of the impact point and final po-
sition of the pedestrian, scuff marks on the road, debris, 
and any other feature of relevance), injury data from 
hospital records and/or autopsy, pedestrian dimensions, 
and interview data. Collection of data was approved by 
the University Human Ethics Committee. 

The vehicle involved in the accident was inspected, 
either at the scene of the accident, or if the accident was 
fatal, at the vehicle compound of the South Australian 
Police. The vehicle was inspected for signs of contact 
with the pedestrian, which could usually be identified by 
dents, scratches and scuffs in the body of the vehicle. 
The location of each contact location was also measured, 
so that the fidelity of the motion of the computer simula-
tion could be verified, and for identifying the test point 
on the test vehicle. 

Eight cases were selected for simulation and recon-
struction on the basis of some relevance to vehicle design, 
and on the basis that the injuries sustained were known 
and could be related to impacts with the vehicle. 

2.2. Accident Reconstruction 

Multi-Body System: The MBS model that was used for 
the simulation part of this study was developed specifi-
cally to simulate pedestrians in car-pedestrian collisions. 
The model was originally developed a decade ago 
(Garrett, 1996; Garrett, 1998), and has been improved 
and has used for accident simulation purposes (Anderson 
et al., 2005). The model consists of 17 rigid segments 
linked by kinematic joints, which are largely based on 
the model proposed by (Ishikawa et al., 1993) although 

some joints have been added while others have been 
modified. 

The cases that were modelled in this study involved 
pedestrians of varying ages and statures. The model was 
validated against the behaviour of a fiftieth percentile 
adult male, with focus on segment trajectories measured 
in PMHS tests by JARI (Garrett, 1996). Therefore the 
model had to be scaled appropriately for the simulation 
of each case. The anthropometric data for each pedes-
trian (segment dimensions, masses and moments of iner-
tia) were derived from GEBOD (Baughman, 1983), a 
program which generates anthropometric segment data 
using regression equations derived from a database of 
human body measurements. In several cases, the result-
ing dimensions could be checked against body dimen-
sions of the actual pedestrians, measured by a member of 
the research team, either during interview, or at autopsy 
for fatal cases. In cases where the dimensions could be 
cross-referenced, the dimensions corresponded closely. 
Joint properties were not scaled in this process as it was 
supposed in this study that this would not affect signifi-
cantly the results. 

The next step in the simulation process was to deter-
mine the posture of the pedestrian prior to impact. It was 
assumed that the both the walking velocity and the ve-
locity of the limbs during locomotion could be ignored. 
The general orientation of the pedestrian relative the car 
was known in each of these cases, either from the pedes-
trian themselves or from drivers, witnesses and/or marks 
on the body of the pedestrian. In some cases the posture 
of the body of the pedestrian could be similarly deter-
mined. The impression of the bumper or grille, often 
indicated the orientation of the pedestrian, and the 
alignment of marks often indicate the position of limbs 
and torso as they were struck. However, in many cases it 
was not possible to determine the exact position or pos-
ture of the pedestrian. In these cases, several variations 
of the body postures, that we judged to be the most 
probable in each case, were modelled. The presence of 
ankle fractures thought to have occurred due to inver-
sion/eversion type deformations of the ankle were used 
to determine the weight bearing leg at the time of impact. 
This reduced the number of simulations required in some 
cases. Each variant of the simulation was checked for 
plausibility against the physical evidence, to discount 
variants that did not produce kinematics consistent with 
the physical evidence. The remaining variants were ana-
lysed to check that the head impact velocity did not vary 
significantly between them. In all cases, this process 
produced simulations that could account for both the 
pedestrian kinematics in the actual crash and the contacts 
and location of injuries that resulted from the collision. 
An illustrative example of Madymo simulation is pre-
sented in Figure 1. 

Impact Configurations: Four different body configura-
tions representing various boundary conditions (Figure 2) 
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- Neck configuration: lower neck joint is removed. 
Only neck is linked to the head. 

were implemented in the MBS reconstructions. Configu-
rations were obtained by removing some joints 5 ms be-
fore head impact. This removing is used to disconnect 
the body region proximal from this point from distal. 
There are no forces transmitted when the joint is re-
moved. The four configurations were: 

- Thorax configuration: three joints are removed: left 
shoulder, right shoulder and thorax/abdomen joints. 
Neck and thorax are linked to the head. 

The mechanical responses of the head in each simula-
tion were defined by the maximum linear and angular 
acceleration measured at the centre of gravity of the head 
rigid body. HIC criterion was calculated from linear ac-
celeration temporal curve. 

- Body configuration: the whole body impact the vehi-
cle. 

- Head configuration: upper neck joint is removed. 
The head alone impacts vehicle surface. 
 

               
Figure 1. An illustrative example of MADYMO simulation reconstructing one of the pedestrian cases in this study. The top frame is just be-

fore the collision and the bottom frame is at head impact 
 

       
(a)                             (b)                              (c)                             (d) 

Figure 2. An illustrative example of the four head boundary conditions or configurations for multi-body pedestrian model at 5 ms before 
head impact: (a) body conf., (b) thorax conf., (c) neck conf., (d) head conf 

 
Vehicle MBS model: Vehicles that corresponded to 

the make, model and series of those involved in each 
case were obtained for the physical reconstruction proc-
ess. The cars also provided the geometry of the vehicle 
model for the MADYMO simulation phase. A digital 
prismless theodolite (usually used in surveying) was used 
to pick out the main geometrical features of the car. 
These were linked with lines and these were used as a 
basis of the geometry created in MADYMO. The ge-
ometry was imported into Easi-CrashMAD in IGES for-
mat. The vehicle geometry was then approximated by 
defining planes, elliptical cylinders and ellipsoids. 

Contact-impact properties for the interaction between 
the pedestrian and the vehicle bumper, leading edge, hood 
and windscreen were determined from impact tests on 
the exemplar vehicle for each case. Preliminary simula-
tions provided estimates of impact speed and energy for 
the leg-bumper, upper leg bumper, and head-vehicle im-
pacts. These conditions were replicated in laboratory 
impact tests using EEVC WG17 subsystem impactors. 
The structures of each vehicle that came into contact 
with the pedestrian were tested with the EEVC WG17 
upper leg impactor, child headform or adult headform as 
appropriate. An illustrative example of tests to determine 

contact-impact properties of vehicle is presented in Fig-
ure 3. 
 

 

 
Figure 3. Illustrative example of tests to determine contact-impact 
properties. The location is that identified in the accident investiga-

tion. The speed and angle are determined from the preliminary 
MADYMO simulation 
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The results of each test (leg and head impacts) were 
analysed to provide rate-dependent contact properties 
that conformed to Equation 1: 
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   (Equation 1.) 

where *ElasticF   are numerically defined loading curves 

and c is a damping parameter; all quantities were deter-
mined from the experimental test using methods de-
scribed in Anderson et al. (2009). Essentially, the contact 
model provides realistic pulses over a range of impact 
energies. In some cases, more than one test was made at 
different impact energies to ensure the validity of the 
contact model. 

FE head model: The Strasbourg University Finite 
Element Head Model (SUFEHM) is a FE model devel-
oped by Kang et al. (1997) using the RADIOSS® code. 

As shown in Figure 4, this model includes the main 

anatomical features such as skull, falx, tentorium, su-
barachnoid space (dura mater, CSF and arachnoid), 
cerebral hemisphere, and brain stem associated with the 
corpus callosum. The mechanical properties of this 
model are detailed in Kang et al. (1997).This model of an 
anatomic head has been validated by Willinger et al. 
(1999) with regard to experimental tests (Nahum et al. 
1997, Trosseille et al. 1992, Yoganandan et al. 1994). 
Tolerance limits have been established for this model by 
reconstructing 68 real world accident cases. These toler-
ance limits are specific to defined injury mechanisms. 
The first mechanical parameter is the minimum pressure 
in Cerebral Spinal Fluid (CSF) which is correlated to 
subdural or subarachnoid haematoma. The second one is 
the brain Von Mises stress which is correlated to diffuse 
axonal injury (DAI). Proposed tolerance limits (Deck et 
al. 2008) for a 50% risk of subdural haematoma, mild 
and severe DAI injuries are respectively -135 kPa, 26 
kPa and 33 kPa. 

 

 
Figure 4. Strasbourg University Finite Element Head Model (SUFEHM) components 

 
It should be mentioned that the injury parameters can 

be computed either by simulating a direct impact against 
an impacted structure or in the present study by driving 
the model with an acceleration field applied to a rigid 
skull. The acceleration field consists in three linear ac-
celerations and three angular accelerations extracted 
from the MBS simulation and applied at the centre of 
gravity of the head. In such acceleration field, no consid-
eration was made on skull strain as a rigid skull assump-
tion has been made in the framework of the present study. 
Therefore, none of the cases considered sustained skull 
fracture. 

3. Results 

In order to compare results obtained for the different 
configurations, a difference ratio R in percentage (Equa-
tion 2) is calculated for the values X (linear or angular 
acceleration, HIC,...) and for a given configuration i 
(head, neck and thorax), on the referenced body con-
figuration. 

  1 .100iR Xi Xbody       (Equation 2.) 

The results are presented for all cases for the four dif-
ferent configurations, body, head, neck and thorax, by 
value and by percentage difference. 

3.1. Mbs Accident Reconstruction 

Details of the cases selected for reconstruction are given 
in Table 1. Each case was reconstructed and simulated 
based on the accident investigation and impact tests 
conducted in the CASR subsystem impact laboratory. 
Once the full body simulation was completed, the three 
remaining configurations (head only, head-neck and 
head-torso) were also simulated. 

3.2. Results in Terms of Head Global Kinematics 

The MBS results are given in terms of maximum linear 
and angular acceleration at the centre of gravity of the 
head and HIC criteria. All cases are classified by in-
creasing HIC values obtained for body configuration. 

Figure 5a and b represent respectively maximum lin-
ear acceleration at the centre of gravity of the head after 
MBS reconstructions and the percentage difference Ri 
between the body configuration and the other three con-
figurations. Maximum linear acceleration values range 
from 86 g for case P038 in thorax configuration to 363 g 
for case P034 in head configuration. Except in case P039, 
head configuration gives the highest value in maximum 
linear acceleration, followed by neck configuration. Body 
and thorax configurations give the lowest value in linear 
acceleration. Cases from P038 to P032 which have 
maximum AIS of 2 are clearly differentiated in maxi-
mum linear acceleration from cases P039, P031 and 
P034 with AIS up to 3. 
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Table 1. Pedestrian accident cases details. *LOC: Lost of Consciousness 

Case number Pedestrian age and sex Relevant head injuries Maximum AIS (head injuries) Car year, Make and model 

P030 75 year old male Head laceration and subdural hematoma 1, (4 (SDH) after 2 month delay) 1987 Ford Falcon sedan 

P031 24 year old male 
Subarachnoid hemorrhage, concussion 
and facial fractures 

3 1981 Holden Commodore sedan

P032 47 year old male Laceration to scalp 1 1986 Mitsubishi Colt hatchback

P034 17 year old female 
Multiple serious head injuries, including
SDH, DAI 

5 1995 Ford Festiva 

P036 28 year old male. Superficial head injuries 1 1986 Ford Laser 

P037 60-70 year old female Laceration to head, LOC* (5 min) 2 1991 Ford Festiva 

P038 80 year old female Minor laceration 1 1990 Honda Integra 

P039 13 year old female Fatal head injuries 5 2001 Mazda Tribute 

 

          
(a)                                                        (b) 

Figure 5. (a) Maximum linear acceleration and (b) percentage difference between configurations value for head maximum linear acceleration 
by case for the four configurations, classified by increasing HIC values obtained for body configuration 

 
Figure 5b shows a maximum difference of 25% (this 

was observed in case P030 between the maximum linear 
acceleration of the head configuration (in circle) and that 
in the body configuration (stars). The Neck configuration 
(triangle) shows a difference of 18% in the same case 
(P030). The Thorax configuration (penta) shows a 
maximal difference of 12% in case P031 on maximum 
linear acceleration. In all cases, the head configuration 
over-estimates the maximum acceleration compared to 
the body configuration (percentage difference positive), 
except in case P039. Thorax configuration, in the same 
way underestimates maximum acceleration (percentage 
difference negative), except in case P030. 

Figure 6a and b represent respectively maximum an-
gular acceleration at the centre of gravity of the head and 
the percentage difference Ri for maximum angular accel-
eration. Maximum angular acceleration values range 
from 6.5 krad/s² for case P036 in neck configuration to 
42.81 krad/s² for case P034 in body configuration. In the 
same way as for linear acceleration, cases from P038 to 
P032 which have maximum AIS of 2 can be clearly dif-
ferentiated in maximum angular acceleration from cases 
P039, P031 and P034 which have AIS up to 3.It is inter-

esting to mention that in cases with AIS up to 3, con-
figurations values are more scattered. In these cases, 
body and thorax configurations give the highest values in 
maximum angular acceleration. 

Figure 6b shows that the maximum angular accelera-
tion produced in the head configuration (circle) exceeds 
that produced by the body configuration (stars) by 58% 
and 33% in cases P039 and P034. In all other cases dif-
ferences do not exceed 18%. Results of the Neck con-
figuration (triangle) shows the same trend as for head 
configuration, with maximum difference of 50% and 
30% in the same cases respectively (P039 and P034). 
Results of the Thorax configuration (penta) show a 
maximum difference of 18% in case P034 in maximum 
angular acceleration. In configuration other than the 
body configuration, maximum angular acceleration is 
overestimated (positive ratios) in cases with HIC values 
under 2000, or underestimated (negative ratios) in cases 
with HIC values over 2000 (P032, P039, P031 and P034. 

Figure 7a and b represent respectively HIC criteria 
values and the percentage difference Ri for HIC criteria. 
HIC values range from 84 in case P038 for body con-
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figuration to 6554 in case P031 for head configuration. 
Case P031 presents a value range more scattered than for 
other cases.  

The maximum difference in HIC observed amongst 
configurations was in case P031: The HIC produced in 
the head and neck configurations was 86% and 54% 

higher than in the body configuration (Figure 7b). In all 
other cases, the HIC value in the head configuration is 
not varied by more than 33% by changing the boundary 
conditions. The HIC is generally overestimated in the 
alternative configurations with positive ratios in most 
simulations. 

 

      
(a)                                                             (b) 

Figure 6. (a) Maximum angular acceleration and (b) percentage difference between configurations value for head maximum angular accel-
eration by case for the four configurations, classified by increasing HIC values obtained for body configuration 

 

       
(a)                                                              (b) 

Figure 7. (a) HIC values and (b) percentage difference between configurations value for HIC criteria by case for the four configurations, 
classified by increasing HIC values obtained for body configuration 

 
Figure 8 represents maximum linear acceleration at the 

centre of gravity of the head as a function of impact time 
duration by case and by configuration. The Wayne State 
University Tolerance Curve (WSUTC) is also repre-
sented in dashed line. The WSUTC, defined by Gadd in 
1966, represents the tolerance limit in cerebral lesion. 
Interestingly, all results in all cases and configurations 
stay over this tolerance curve. Cases P030, P036 and 
P038, with AIS1 are the closest from the WSUTC. 

Cases with high AIS scores do not exceed 10 ms in 
acceleration time application and are over 250g in 
maximum linear acceleration. A main comment is that in 
cases with higher AIS scores (P034, P031, P039) head 
boundary conditions influence significantly maximum 
linear acceleration values (vertical distribution on graph). 
In cases with lower AIS scores, head boundary condi-
tions influence mostly time (horizontal distribution on 
graph). This phenomenon has obviously an important 
effect on the computing of HIC shown in figure 7. 

The 8th International Forum of Automotive Traffic Safety

210



 

 
Figure 8. Maximum linear acceleration at the centre of gravity of 

the head function of impact time duration by case for the four 
configurations 

 

3.3. Results in Terms of Intracranial Parameters 

After implementing the acceleration field computed un-
der MBS modelling into the SUFEH Model, results are 

presented for the four configurations (body, head, neck 
and thorax) for all accident cases. The FE results are 
given in terms of minimum pressure of the CSF and 
maximum brain Von Mises stress. All accident cases are 
classified by increasing AIS score. 

Figure 9a and b represent minimum pressure of the 
CSF and the percentage difference Ri for minimum 
pressure. Values for minimum pressure of the CSF range 
from 81 kPa for case P036 in neck configuration to 182 
kPa for case P034 in neck configuration. Results from 
cases with AIS3 are differentiated with higher values in 
CSF minimum pressure. 

Figure 9b, head configuration shows maximum dif-
ferences of 10% and 8% on minimum pressure in cases 
P030 and P037 respectively. Neck configuration shows 
differences of 11% and 8% on body configuration in 
cases P037 and P030 respectively. In all other cases, ra-
tio values of the three configurations compared to body 
configuration do not exceed 6%. Results from cases with 
AIS3 are as well as differentiated by a low influence of 
head boundary conditions on minimum pressure. The 
Ratio doesn’t exceed 2%. 

 

         
(a)                                                                 (b) 

Figure 9. (a) CSF minimum pressure by case and by configuration and (b) percentage difference between configurations value for CSF 
minimum pressure by case, classified by increasing AIS. In grey background, cases with AIS≤2, in white background cases with AIS≥3 

 
Figure 10a and b represent maximum Von Mises 

stress of the brain and the percentage difference Ri for 
Von Mises stress. Values for maximum brain Von Mises 
stress range from 16.3 kPa for case P036 in neck con-
figuration to 102 kPa for case P031 in body configuration. 
In these cases, AIS score cannot be related to Von Mises 
stress parameter. Case P037, with AIS2, gives the same 
range of value than AIS1 cases. Case P030 (AIS1) gives 
the same values than case P039 with AIS5. A comment 
can be made on case P031, where facial fractures could 
not be reproduce with FE reconstruction methodology. 
Values could have been overestimated. 

Figure 10b, head configuration show a maximum dif-
ference of 35% on brain Von Mises stress in cases P037 

and P039. Neck configuration shows a maximum differ-
ence of 40% in case P037. Thorax configuration shows a 
difference of 32% maximum (cases P037). No general 
trend can be pointed up about the influence of head 
boundary conditions on Von Mises stress. 

4. Discussion and Limitations 

The MBS reconstruction of real world pedestrian acci-
dent cases performed in this study has several notable 
features. These include scaled pedestrian models, de-
tailed crash investigation and contact energy dissipation 
or stiffness measured at vehicles level. Importantly, this 
includes the head contact characteristic. Nevertheless, 
crash reconstruction remains an inexact science, and ac-
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curacy will vary from case to case and depends largely 
on the correct interpretation of events by the researcher 
performing the reconstruction. While every care was 
taken in these reconstructions, there will always remain 
some uncertainty over the fidelity of any given recon-
struction in terms of assumptions and unknowns. In some 
cases, the locomotion of the pedestrian may have influ-
enced the kinematics of the pedestrian in the collision, 
and these effects are not included in the simulations in 
this study. Cases here reconstructed are illustrative rather 
than exhaustive and merely provide data for this study. 
The exactness of the reconstructions is therefore not the 
most important point as the objective was to analyse 
head boundary conditions in some representative acci-
dent conditions. 

Therefore, the influence of head boundary conditions 
on head impacts responses has been investigated under 

real-world pedestrian accident reconstruction. This work 
shows that head boundary conditions influence signifi-
cally the head responses in terms of acceleration field, 
HIC and head FEM response and therefore on head in-
jury prediction assessment. The multibody results seem 
to show clearly that the relationship between linear and 
angular acceleration is influenced by the neck boundary 
conditions. Linear acceleration values varied up to 25% 
as a function of head boundary loading. HIC criteria and 
angular accelerations values varied up to 35% from the 
whole body configuration (except in one case where the 
variation was greater). Linear acceleration values are 
generally underestimated when head is treated as a free 
body. Von Mises stress estimated through FE modelling 
of the brain was also influenced by the boundary condi-
tions with differences up to 40%. Finally minimum 
pressure in the CSF is the least influenced. 

 

          
(a)                                                                 (b) 

Figure 10. (a) Brain maximum Von Mises stress by case and by configuration and (b) percentage difference between configurations value for 
brain Von Mises stress by case, classified by increasing AIS. In grey background, cases with AIS≤2, in white background cases with AIS≥3 

 
In order to study the influence on head impact duration 

and maximum linear acceleration relative to AIS scores, 
a more systematic parametric approach is needed. This 
parametric approach could also show an influence on FE 
model intracerebral parameters relative to AIS scores or 
head injuries, which was not the aim of this current 
study. 

Several cases have particular impact characteristics 
that should be noted in relation to these results. Case 
P031 presented severe facial fractures that can’t be re-
produced with the rigid skull assumption used in this 
study. The impact parameters estimated for this case are 
likely to be overestimates, especially HIC and Von Mises 
stress values. Case P039 presents quit different trends 
compared to other results, in particular for the accelera-
tion field. In this case, the head impacted the bonnet 
structure. In all other cases, the head impact the wind-
screen or the pillars. Finally case P032, in which the pe-
destrian presented just scalp lacerations, has a HIC value 
around 2700 for the four configurations. It is suspected 

that the impact speed estimated in this case is too high, 
and especially because the subsystem impact tests con-
ducted in connection with this case at 9.4 m/s and 14.0 
m/s produced HIC values of 221 and 1307. The impact 
speed of the vehicle was ascertained after discussions 
with the driver, in combination with a lack of braking 
marks on the road. It is possible that the driver overesti-
mated his speed. Errors between estimated and actual 
speeds in the cases need to be considered particularly 
when examining the link between injury severity and 
head injury parameters. It is often difficult a priori to 
determine if particular cases contain large errors of this 
type. However such errors affect the examination of the 
sensitivity of the reconstruction to choices of boundary 
conditions less, because the vehicle impact speed is con-
stant across all simulations, and if the objective is to 
evaluate the sensitivity of the simulation to boundary 
conditions, the case becomes essentially illustrative. 

An assumption has been made in this study concerning 
the rigid skull. A study published by Deck et al (2007) 
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shows that this assumption influences the model re-
sponse for short-duration impacts. Indeed, short impacts 
correspond to a very rigid impacted surface. In such case, 
the skull deformation has an influence on the intracranial 
mechanical behavior. Concerning impacts against softer 
surfaces, the skull trend to deform is decreased and as a 
matter of fact, its influence is reduced. In a further step 
skull structure interaction force must be investigated in 
parallel with the neck loading in addition to the head 
kinematics. This would help to have a full understanding 
of the head boundary condition influence on head injury 
risk assessment. 

In this study a choice has been made concerning the 
joint removing time (5ms before the impact time) but 
impact velocity as well as angular acceleration of the 
head has been revealed as being dependent on the joint 
removing time. 

5. Conclusion 

In this paper the influence of head boundary conditions 
on head response in case of pedestrian head impact has 
been evaluated. For 8 real world accident reconstructions 
four different head boundary conditions have been simu-
lated with Madymo MBS software (head only, head and 
neck, head and thorax, whole body). It has been shown 
that these boundary conditions have a significant influ-
ence both in terms of head kinematics and intracranial 
response. As an example HIC values show a variation of 
more than 30% with the different boundary conditions 
compared to whole body configuration. It appeared also 
that maximum angular acceleration is overestimated in 
cases with HIC values under 2000, or underestimated in 
cases with HIC values over 2000. Coming to the head 
response in term of intracranial behaviour, the SUFEHM 
response was computed with Radioss code. It was shown 
that Von Mises stress estimated through FE modelling of 
the brain was also influenced by the boundary conditions 
with differences up to 40%. Finally minimum pressure in 
the CSF is the least influenced by head boundary condi-
tions. If it is not the purpose of this study to directly 
comment the current head impact standard tests, it can be 
recommended to consider more realistic head boundary 
conditions at neck level for such tests. Finally, it can be 
concluded from the present study that realistic head 
boundary conditions must be considered in any real 
world head trauma simulation intended to derive new 
head injury criteria. 
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