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1. Introduction 

In traffic accidents, head injury has become the 

main cause of serious injury or death. According to the 

WHO statistics, in road traffic accidents, the disadvantaged 

road users accounted for 50% of the sum number of the 

dead, of which pedestrians accounted for 22% of the sum 

number of the dead [1]. In China, the incidence of cranio-

cerebral injury along with the number of disabled and death 

are all increasing annually. Therefore, it is of great practical 

significance to study the head injury of pedestrians. 

In recent years, facial and craniocerebral injury 

have become a hot spot for research. In anatomy, the facial 

skeleton is very close to the skull. This leads to a high risk 

of brain injury in patients with facial injury [2], there is a 

certain correlation between different facial impact injuries 

and the severity of craniocerebral injury. With the fleeting 

progress of computer technology, the finite element model 

has become an important tool to learn about the biomechan-

ics of human injury [3, 4]. Tuchtan et al. [5] carried out a 

study on the energy level required for mandibular fracture 

caused by direct impact of the mandible and the energy dis-

persion to the skull and brain. In 2015, Huempfner-Hierl [6] 

established a finite element model of human head without 

mandible, then applied this model to simulate three collision 

tests of the orbital margin, the thyroid gland of the nose and 

the upper rim of the orbit. The propagation path of the stress 

wave in the skull under the three collision scenarios was an-

alysed, and the stress distribution of von Mises was ob-

tained.  

In a word, these previous studies provide effective 

information about the propagation of stress waves in the 

skull, but many of these finite element head models are too 

simplified, or ignore the mandible and intracranial tissue, 

and only aim at a small number of collisions locations, 

which have certain limitations for the correlation study be-

tween facial impact and traumatic brain injury. 

In this research, a 50th percentile finite element 

model of head with detailed craniofacial structure is estab-

lished. The biofidelity of the model is validated by the 

corpse experimental data of Nahum et al. [7] and Trosseille 

et al. [8]. Then this study simulates nine common face col-

lision scenarios, clears the influence of facial impact on 

craniocerebral injury, provides a basis for the study of hu-

man brain injury mechanism and evaluation criteria, and 

also provides data reference and theoretical basis for colli-

sion protection research. 

2. The establishment and verification of the head finite 

element model 

2.1. Geometric model 

Through tomography and MRI scanning in line 

with the body features of the 50th percentile adult Chinese 

male head, a tomography image has been achieved. Then 

this study imports the image into Mimics for pre-processing, 

and then obtains the point cloud data and imports it into Ge-

omagic Studio. The point cloud data are parameterized, after 

generating surface, three times Bessel curve is used to fit 

each surface to get the 3D geometric model. The final 3D 

solid model of the head consists of skull, facial skeleton, 

cartilage, teeth, brain, cerebellum, meninges, cerebrospinal 

fluid, etc., as shown in Fig. 1. 
 

 
 

Fig. 1 Three dimensional geometric model of head 

2.2. Finite element model 

Three-dimensional geometric model is imported 

into HyperMesh for grid division, and then solid three-di-

mensional grid are generated. It’s difficult to use hexahedral 

elements to model because of the high folds of the meninges 

in the model. Tetrahedron is adaptable to highly complex 

surface structure, so tetrahedron is more suitable for the dis-

cretization of the mesh. Thus the unit type is set as a linear 

tetrahedral element in this study. Finally, the three-dimen-

sional entity model is generated and imported into Abaqus, 

the material properties of each tissue are shown in Table 1. 

Finally, the finite element model of the head is 

achieved, in which the number of single element is 

1,337,903, the number of nodes are 327,536, the average 

length of unit is 1.57 mm, and a unit average aspect ratio of 

1.61, as shown in Fig. 2. 

2.3. Material properties 

After meshing the model, it is necessary to assign 
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material parameters corresponding to the actual situation to 

each part of the head finite element model. In all the latest 

finite element head models, skeletal tissues such as carti-

lage, skull and facial bone are recognized as linear elastic 

and isotropic materials. The linear viscoelastic material 

combined with large deformation theory is used to simulate 

the time-varying relative movement of brain tissue. The ma-

terial properties used in the model are referenced in the lit-

erature [9]. The material properties are summarized in Ta-

ble 1. 

Table 1 

Material properties of each tissue in the model 

Components Model Type Density, kg/m3 
Young’s modulus  

E, MPa 

Short shear 

modulus, kPa 

Long-term shear 

modulus, kPa 
Poisson’s ratio,  

skull Elasticity 2500 8000 — — 0.22 

facial skeleton Elasticity 2500 6000 — — 0.23 

cartilage Elasticity 1040 30 — — 0.45 

teeth Elasticity 2250 2070 — — 0.3 

meninges Elasticity 1140 11.72 — — 0.23 

brain Linear Viscoelastic 1140 2190 6 1.2 — 

cerebellum Linear Viscoelastic 1140 2190 6 1.2 — 

CSF Linear viscoelastic 1040 1.314 0.5 0.1 — 

 

 
 

Fig. 2 Head finite element model 

2.4. Experimental verification of Nahum intracranial pres-

sure 

In 1976, Nahum et al. [7] used a human cadaver 

without antiseptic treatment as samples. Nahum used spe-

cial experimental tools to clamp the head of the cadaver to 

avoid the rotation acceleration of the head after impact. 

Then Nahum did the collision experiment of forehead. In 

this study, a cylindrical rigid body is used to hit the frontal 

bone of human head finite element model at the speed of 

9.94 m/s, the horizontal plane is 45 degrees to the Frankfurt 

plane, as shown in Fig. 3. 

In the article, Nahum only gave the various curves 

of experimental samples numbered thirty-seventh groups. In 

the next 30 years, the experimental data was verified by 

most of the major human head finite element models. There-

fore, this research compares the simulation results with the 

experimental curves of the thirty-seventh groups of Nahum. 
 

 
 

Fig. 3 Nahum et al.’s cadaver model crash experiment 

 

Extracts pressure curve from the impact side, im-

pact opposite side, parietal and occipital, as shown in Fig. 4. 

It can be seen in the four parts (a-d) of the Fig. 4 that the 

changing trends of the simulation curve and the experi-

mental curve are basically the same, the curve anastomosis 

is good on the whole. The peak pressure in four collision 

regions is about 1 ms ahead of the experimental results of  

 

 
 

                                                         a                                                                                         b 

Fig. 4 Intracranial pressure-time curve of simulation and experiment: a – impact side, b – impact opposite side, c – parietal 

bone, d – occipital bone 
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                                                   c                                                                                           d 

Fig. 4 Continuation 

 

Nahum, the maximum peak is slightly different. This is 

mainly because there are some distinctions between the sim-

ulation model and the experimental model in the geometry 

size and structure, but the peak duration is roughly equal to 

the experimental results. 

2.5. Experimental verification of Trosseille intracranial dy-

namic response 

In 1992, Trosseille et al. [8] reappeared the impact 

process between the human head and the car parts in a vehi-

cle accident. This research uses steering wheel, which is 

modelled as a rigid cylinder with an inertial mass of 23.4 kg, 

to impact at the nasal of the head finite element model. The 

pressure of frontal lobe, temporal lobe and occipital lobe are 

compared with experiment values, as shown in Fig. 5.  

As can be seen from Fig. 6, the simulation curve is 

anastomotic well to the experimental curve, and the pressure 

distribution trend in three positions is similar to the experi-

mental results. For the peak pressure, temporal and occipital 

peak values are more close to the experimental results, the 

 

Fig. 5 Trosseille et al.’s cadaver model crash experiment 

 

difference is less than 10%, and the frontal pressure value is 

high. For the curve trend, frontal and occipital are consistent 

with experimental results and the simulation results of the 

temporal pressure is negative firstly, and the experimental 

result is almost 0. For the peak time, the three positions are 

different, the duration of peak pressure is also slightly dif-

ferent from the experimental results. Similar deviations 

have also been observed in literature [10]. It may be because 

there are great differences between model and experimental 

samples. In experiment, impactor is used to impact the head, 

and acceleration is used to load directly in simulation, so as 

to avoid the influence of neck. 

 

 

                                  a                                                               b                                                                c 

Fig. 6 Comparison curve between simulated pressure and experimental pressure: a – frontal part, b – partes temporalis, c – 

occiput 

 

3. Simulation experiment of face collision 

 

As shown in Fig. 7, the nine impact directions in 

this study are several kinds of collisions that are often en-

countered in real life, it contributes to a deeper understand-

ing of the mechanism of maxillofacial and craniocerebral 
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injury. Similar to the impactor used by Cormier et al. [11] 

in the cadaver experiment, a cylindrical rigid body is used 

to impact the human head finite element model at the speed 

of 2.5 m/s. A fixed boundary condition is imposed on the 

nodes of the subvertebral surface of C7 in the experiment, 

the base surface nodes of the model are constrained in all 

the six degrees of freedom, as shown in Fig. 8. 

 

 

 

 

 

 

 

 
 

Fig. 7 Nine types of collision scenario 

 

Fig. 8 Fixed boundary condi-

tions for surface nodes 

on neck 

 

3.1. Tolerance limit of craniocerebral injury 

To distinguish different fracture types and fracture 

regions, according to the previous research, von Mises 

stress, whose mean value is 75 MPa, is used as the yield 

criterion of skull. We compare the biomechanical parame-

ters after trauma with the brain tissue tolerance limit in the 

literature, it can be used to evaluate traumatic brain injury. 

3.2. Simulation results discussion 

Through simulation, the propagation process of 

stress wave in the head of nine cases is obtained. In Scene 

1, the stress concentrates at the impact position firstly, then 

spreads to the bilateral frontal lobes of the maxilla and the 

posterior end of the nasal bone. As the base of the model is 

fixed, the bending of the head and neck contributes to local 

stress at the lower neck, it also causes the relative movement 

of the skull and brain, which results in stress concentration 

in frontal lobe and temporal lobe. At t =2.0 ms, there is a 

stress of 65 MPa at the anterior nasal spines, nasal septum 

cartilage and lateral cartilage junction. According to the von 

Mises yield criterion, fractures occur easily around the nasal 

bone. 

In Scene 2, starting from the impact position, stress 

waves propagate in two ways: one is backwards through the 

frontal and ethmoid plate, and then reaches the inferior 

frontal lobe of the brain. The other one propagates inferiorly 

via the perpendicular plate and nasal septum. Afterwards, 

the stress wave reaches the palatal floor of maxilla. On the 

basis of von Mises yield criterion, there is a risk of fractures 

at the nasal bone and bilateral maxilla frontal processes. In 

addition, the fracture regions also include orbital floor of 

maxilla, bilateral facies nasalis maxillae, cribriform plate of 

ethmoid bone and inferior nasal septum. In addition, mild 

TBI (traumatic brain injury) will appear at the temporal pole 

and inferior frontal lobe, and severe injury or mild DAI (dif-

fuse axonal injury) will occur at the lateral occipito-tem-

poral lobe and cerebellum.  

In Scene 3, the stress wave passes through the up-

per lateral nasal cartilage and the posterior nasal bone 

firstly, and then spread to inferior frontal lobe from the 

lower lateral cartilage, then through the nasal septal carti-

lage and the sieve disk of plow bone, and then spread to the 

sphenoid from the frontal bone and ethmoidal cribriform 

plate. During the impact, the nasal septum cartilage and the 

lateral nasal cartilage are collapsed by the impactor, which 

leads that stress is raised and concentrated around the tip of 

nose and the nasal septal cartilage. According to the von 

Mises yield criterion, there is a risk of fracture at the anterior 

nasal bone and lateral nasal cartilage. Similar to Scene 1, the 

stress is concentrated in the frontal lobe and temporal lobe. 

In Scene 4, starting from the dense incisors, a part 

of the stress wave passes via the alveolar processes of man-

dible, vomer and maxillary palatal process before reaching 

the sphenoid region. Another part of the stress wave reaches 

the bilateral maxilla frontal process through the alveolar 

process of mandible along the pyriform aperture, it results 

in local stress concentration in the temporal lobe, foramen 

magnum and the occipital lobe. After about 4.4 ms, a part of 

the stress spreads to the exterior upper and bilateral zygo-

matic bone, this leads to the peak von Mises stress at the 

maxilla, the value of which is 203.66 MPa. Therefore, Le 

Fort I fracture is easy to occur at the alveolar process of 

mandible, at the same time, high stress is easily produced at 

the foramen magnum and bent lower neck. 

Scene 5 is a vertical impact on the base of mandi-

ble, and Scene 9 is an oblique impact on the base of the man-

dible. In the process of impact, the stress wave passes 

through the bilateral mandibular ramus, mandibular arch 

and condyles, and then spreads to the zygoma along the zy-

gomatic arch. The head is elastic during the impact, which 

leads to the relative rotation of the skull and brain, it makes 
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the stress concentrate at the frontal lobe. In Scene 5, at 

t=3.0 ms, peak stress concentrations of 209.55 MPa appear 

at the mandibular ramus and mandibular body, which is 

likely to lead to Le Fort III fractures in the ethmoidal cribri-

form plate. Moreover, Mild injury will appear at the frontal 

lobe, local contusion may appear at the anterior upper brain-

stem. At the anterior-inferior frontal lobe, it may produce 

mild DAI. In Scene 9, peak stress concentrations of 267.52 

MPa appears at t=3.6ms, mild brain damage is likely to oc-

cur at the anterior inferior frontal lobe and temporal lobe, 

and concussion may produce at the frontal-temporal lobe. 

In Scene 6, the stress propagates speedily to the 

condyle of mandible and mandible body. Then, from the 

right condyle of mandible, it began to propagate to the tem-

poral bone and zygomatic bone, then to the maxilla nasal 

surface. The stress wave from the mandibular body propa-

gates to the contralateral ramus of mandible. The peak stress 

appears at the mandibular condyle and mandibular incisor, 

the value of which is 328.89 MPa. Then the stress spreads 

dispersedly to the sphenoid bone, foramen magnum and ver-

tebrae. After about 1.8 ms, the lateral bending of the head 

causes the stress concentrate at the right frontal lobe, right 

parietal lobe and right temporal lobe. 

In Scene 7 and Scene 8, the stress wave propagates 

mainly through the maxillary palatine process, the maxilla 

and the sphenoidal orbit surfaces to the sphenoid and middle 

surface structures. In Scene 7, peak stress of 244.69 MPa 

appears at the zygomatic region after about 1 ms, and there 

is local stress concentration on the maxilla, zygomatic orbit 

surfaces and frontal process of the zygoma. In Scene 8, peak 

stress of 537.94 MPa appears at the zygoma after about 1.2 

ms. In the two cases, there are a large number of stress con-

centration at the zygomatic and maxillary orbit surfaces, 

particularly in Scene 8, because the collision position is 

proximal to the orbital area. Although the stress concentra-

tions in Scene 7 and Scene 8 are lower than that in Scene 6, 

there is still a higher stress concentration at the anterior-in-

ferior frontal lobe and right temporal lobe, which is due to 

the large relative displacement between the frontal lobe and 

frontal area of skull. 

Table 2 

Maximum of intracranial biomechanical parameters 

Scene 
ICP(MPa) von Mises(MPa) Shear stress (MPa) Strain 

Pmax Position σmax Position τ12max Position τ13max Position τ23max Position ɛ Position 

1 

2.36

7E-

01 

Inferior 

frontal 

lobe 

2.59

7E-

02 

Inferior 

frontal 

lobe 

1.143 
E-02 

Upper 
brainstem 

-1.635 
E-02 

Frontal 
lobe 

1.578 
E-02 

Inferior 

frontal 

lobe 

8.858
E-02 

Inferior 

frontal 

lobe 

  
1.80
7E-

02 

Parahip-
pocampal 

gyrus 

-1.196 

E-02 

Inferior 

frontal lobe 
 

Posterior 
cerebel-

lum 

-1.537 

E-02 

Anterior 
frontal 

lobe 

8.082

E-02 

Inferior 
temporal 

gyrus 

2 

2.34
0E-

01 

Anterior 
frontal 

lobe 

2.27
0E-

02 

Inferior 
frontal 

lobe 

1.298

E-02 

Frontal 

lobe and 

anterior 
callosum 

1.549 

E-02 

Occipi-
totemporal 

gyrus 

1.117 

E-02 

Medial oc-

cipitotem-

poral gy-
rus 

1.273

E-01 

Temporal 

pole 

2.29

5E-

01 

Inferior 

frontal 

lobe 

  
-1.147 
E-02 

Posterior 
cerebellum 

-1.517 
E-02 

Lateral oc-

cipitotem-
poral gy-

rus 

-1.165 
E-02 

Inferior 

frontal 

lobe 

  

3 

1.01
4E-

01 

Anterior 
frontal 

lobe 

5.72
4E-

03 

Anterior 
frontal 

lobe 

3.146 

E-03 

Anterior 

brainstem 

3.621 

E-03 

Subcallo-

sal gyrus 

6.121 

E-03 

Anterior-

inferior 

frontal 
lobe 

2.296

E-02 

Anterior-

inferior 

frontal 
lobe 

    
-4.574 

E-03 

Anterior 

frontal lobe 

-3.435 

E-03 

Paracen-

tral gyrus 

-4.823 

E-03 

Anterior 
frontal 

lobe 

  

4 

1.61

8E-

01 

Inferior 

frontal 

lobe 

1.72

7E-

02 

Inferior 

frontal 

lobe 

1.205 
E-02 

Posterior 

medulla ob-

longata 

9.950 
E-03 

Parieto-

occipital 

lobe 

-1.020 
E-02 

Medulla 
oblongata 

8.072
E-02 

Occipi-

totem-
poral gy-

rus 

1.16
6E-

01 

Anterior 
frontal 

lobe 

1.81
6E-

02 

Parahip-
pocampal 

gyrus 

-1.000 

E-02 

Posterior 
medulla ob-

longata 

-1.062 

E-02 

Posterior 
medulla 

oblongata 

9.857 

E-03 

Medulla 

oblongata 
  

5
 

1.83

9 
E-01 

Anterior-
inferior 

frontal 

lobe 

1.35

2E-
02 

Inferior 

frontal 
lobe 

9.477 

E-03 

Anterior 

brainstem 

2.012

E-02 

Inferior 

frontal 
lobe 

1.365 

E-02 

Frontal pa-

rietal lobe 

7.753 

E-02 

Temporal 

lobe 

    
-1.002 

E-02 

Occipital 
lobe and 

superior 

cerebellum 

-1.448 

E-02 

Posterior 

callosum 

-1.679 

E-02 

Anterior-
inferior 

frontal 

lobe 

  

6
 

1.40

1 

E-01 

Orbital 
gyrus and 

frontal-

temporal 
lobe 

1.76

9E-

02 

Posterior 

cerebel-

lum 

1.004 
E-02 

Posterior 
cerebellum 

8.885 
E-03 

Anterior 
brainstem 

1.230 
E-02 

Anterior-

inferior 

cerebellum 

4.118 
E-02 

Posterior-

inferior 

brainstem 

    
-1.078 

E-02 

Anterior 

cerebellum 

-1.116 

E-02 

Posterior 

cerebel-
lum 

-1.048 

E-02 

Posterior-

superior 
cerebellum 
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Table 2 continuation 

Scene 
ICP(MPa) von Mises(MPa) Shear stress (MPa) Strain 

Pmax Position σmax Position τ12max Position τ13max Position τ23max Position ɛ Position 

7
 

1.86

6 

E-01 

Temporal 
lobe 

2.15

2E-

02 

Frontal-

temporal 

lobe 

1.456 
E-02 

Medial 

frontal gy-

rus 

1.796 
E-02 

Anterior-

superior 
cerebel-

lum 

1.668 
E-02 

Medial 

frontal gy-

rus 

9.452 
E-02 

Frontal-

temporal 

lobe 

    
-1.807 
E-02 

Temporal 
lobe 

-1.460 
E-02 

Superior 

frontal gy-

rus 

-1.755 
E-02 

Inferior 

frontal 

lobe 

  

8
 

2.07

6 

E-01 

Anterior-

inferior 
frontal 

lobe 

2.00

3E-

02 

Frontal-

temporal 

lobe 

1.567 
E-02 

Anterior 
brainstem 

1.626 
E-02 

Ante-

rior brain-

stem 

1.378 
E-02 

Anterior-

inferior 
frontal 

lobe 

9.603 
E-02 

Frontal-

temporal 

lobe 

    
-1.184 

E-02 

Anterior 

cerebellum 

-1.896 

E-02 

Ante-
rior frontal 

lobe 

-1.322 

E-02 

Posterior 

cerebellum 
  

9
 

1.63
3 

E-01 

Anterior-

inferior 

frontal 
lobe 

1.88
1E-

02 

Temporal 

pole 

1.341 

E-02 

Anterior 

brainstem 

1.937 

E-02 

Tem-

poral pole 

of cere-
brum 

1.026 

E-02 

Medial 
frontal gy-

rus 

4.191 

E-02 

Temporal 

lobe 

    
-1.020 

E-02 

Occipital 

lobe  

-9.354 

E-03 

Poste-
rior callo-

sum 

-1.905 

E-02 

Anterior-

inferior 

frontal 
lobe 

  

 

3.3. Intracranial biomechanical parameters 

In the nine impact scenarios, when the impact force 

reaches the peak value, the maximum values of the intracra-

nial biomechanical parameters of these positions are 

achieved, as shown in Table 2. Meanwhile, the contour plots 

of median sagittal plane as shown in Fig. 9 to Fig. 13 are 

obtained. 

 

3.3.1. Intracranial Pressure (ICP) 

Fig. 9 indicates that the maximum ICP of frontal 

collision and mandibular base impact appears at the inferior 

frontal lobe, which is close to the mid-sagittal plane, while 

the maximum ICP appears near the impact side in lateral 

impact. Among all the scenes, the frontal collisions at the 

nasal bone (Scene 1 and Scene 2) are the most serious, and 

their peak pressure are close to the brain tolerance limit of 

235 kPa. The second are the oblique impacts at the zygo-

matic maxillary area (Scene 7 and Scene 8), the peak pres-

sure appears at the frontal-temporal lobe. In the various im-

pacts of the mandible (Scene 5, Scene 6 and Scene 9), the 

ICP value has a moderate increase. In frontal impacts (Scene 

3 and Scene 4), the intracranial pressure in the lateral carti-

lage and teeth are relatively low. 

 

Fig. 9 ICP of the nine scenes 

3.3.2. Von Mises stress 

As shown in Fig. 10, the maximum von Mises 

stress appears at the frontal-temporal lobe and frontal lobe. 

While in Scene 6, the peak von Mises stress is situated at the 

posterior cerebellum. In all cases, Scene 1 and Scene 2 are 

the nasal bone impacts, which are the most serious, came 

along by lateral impacts (Scene 7 and Scene 8), which has 

the risk of mild TBI (traumatic brain injury). When the max-

imum von Mises stress is produced by the frontal collision 

on teeth (Scene 4) and the base impact on the mandible 
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(Scene 9), it may develop into moderate neurological le-

sions. The injury caused by frontal collision on the lateral 

nasal cartilage (Scene 3) is the lowest, with the maximum 

stress of 5.72 kPa, there is a risk of producing local contu-

sion [7]. 

3.3.3. Shear stress 

From Fig. 11 to Fig. 13, we can see that in all cases, 

the critical shear stress positions are mainly in three direc-

tions (i.e., fore-and-aft, left-right, up-down). In the lateral 

collisions on the zygomatic maxillary bone (Scene 7 and 

Scene 8), the maximum shear stress is generated in the left-

right direction, whereas the base collisions at the mandible 

lead to the maximum shear deformation of the brain tissue 

in the up-down direction. According to the tolerance limit 

of shear stress, except Scene 3, there is a possibility of mild 

TBI or mild DAI in most scenes. 

 

Fig. 10 Von Mises stress of the nine scenes 

 

Fig. 11 Shear stress (τ12) of the nine scenes 

 
 

Fig. 12 Shear stress (τ13) of the nine scenes 
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Fig. 13 Shear stress (τ23) of the nine scenes 

 

4. Discussion 

In frontal impact on nasal bone, the general trend 

of maximal intracranial parameters reveals that the distance 

from the impact position to the brain determines the severity 

of brain injury, as well as in the lateral impacts at the zygo-

matic maxillary region. It verifies the conclusion of Lee: 

“The risk of TBI caused by facial fractures adjacent to the 

brain is very high.” 

In Scenes 1, 2 and 4, they are likely to result in 

maxillary fractures, which are normally accompanied by na-

soethmoidal fractures, it will further lead to the occurrence 

of mild DAI at the medulla oblongata. Meanwhile, moderate 

neurological lesions will appear at the frontal-temporal lobe. 

Just like Chang's hypothesis: “a structure is formed by max-

illa and other facial bones in midface, which can absorb con-

siderable energy.” When the face is impacted, a portion of 

collision energy is assimilated by the midfacial structure, 

and the other energy is transferred to the intracranium. 

Nasal bone fractures are found in Scenes 1, 2 and 

3, but in Scene 3, the risk of skull fractures and cranio-

cerebral injuries is the lowest, because nasal lateral cartilage 

has less rigid structure, so it can absorb impact energy by 

means of deformation and fractures. In accordance with the 

clinical review of Weller et al. [13], this research also illus-

trates that the nasal cartilages can behave as a buffer region 

to decrease the impact force that will transmit to the skull 

and minimize the risk of severe traumatic brain injuries. 

Mandibular fractures may exist in Scenes 5, 6 and 

9, the associated facial fractures also include rami mandib-

ulae, coronoid process of mandible and bilateral facies na-

salis maxillae. Thus, the incidental brain traumas range from 

mild recoverable injury to mild DAI in the brainstem, cere-

bellum as well as inferior frontal lobe. Mandibular fracture 

is usually accompanied by midfacial fracture, though the 

mandible is not close to the brain Therefore, it still causes 

mild to moderate traumatic brain injury. 

The propagation of stress waves in cranial bones 

decides the onset and progression of various facial fracture 

patterns. Moreover, it has important clinical significance for 

the mechanism research of intracranial injury. This study 

shows that a large number of impact energy is transmitted 

to the brain through the facial structure, that is, the collisions 

do not affect the brain directly. Nevertheless, it can be found 

that stress waves are mainly concentrated in the prefrontal 

lobe before stress wave passes through the frontal sinuses. 

It indicates that the relative motion of skull and brain leads 

to the elevation of frontal lobe stress, in which it strikes the 

protuberance of the skull internal surface, rather than the 

stress wave propagation. 

The results show that in most scenes, the von Mises 

stress at the VE region is higher, it is consistent with clinical 

diagnosis. According to the study of Aykan et al. [14], the 

plowbone ethmoid located at the posterior part of nasal sep-

tum cartilage is the most common fracture area. This sug-

gests that the skeletal structure in the middle of the face may 

be the focus of stress transmission, where the collision en-

ergy is further dissipated to "buffer zone" of the ethmoid si-

nus, reducing the risk of craniocerebral injury. 

5. Conclusions 

By establishing and verifying a fifty percentile 

head finite element model with detailed craniofacial charac-

teristics, and simulating nine kinds of common facial impact 

scenes, we get the following conclusions: 

1. When the face is impacted, the facial structure 

can protect the brain by assimilating a lot of impact energy 

through deformation and fracture, thereby decreasing the 

risk of craniocerebral injury. 

2. According to the shear stress tolerance, facial 

impact may lead to TBI or DAI. Even patients with minor 

facial injuries may lead to craniocerebral injury. 

3. The propagation path and distribution rule of 

stress waves in the skull and brain determine the mechanism 

of craniocerebral impact injury, which provide a theoretical 

basis for the diagnosis, treatment and protection of cranio-

cerebral injury caused by facial impact. 
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J. Tian, Q. Wang, B. Yang 

CONSTRUCTION OF THE HEAD FINITE ELEMENT 

MODEL AND CRANIOCEREBRAL INJURY IN 

FACIAL COLLISION ACCIDENT 

S u m m a r y 

This paper aims at predicting and evaluating the 

biomechanical response of the facial impact on head injury 

in a crash accident. With the combination of CT/MRI med-

ical imaging technique, the 50th percentile head biomechan-

ical model with detailed cranio-facial structure is estab-

lished. After which the validity of the model based on the 

classical experimental data is verified. Based on the analysis 

of nine typical facial collision scenes, this work studies the 

propagation path of stress wave in the skull, then ICP, von 

Mises stress and shear stress distribution are achieved. It is 

proved that facial structure can absorb a large amount of im-

pact energy to protect the brain. The propagation path and 

distribution of stress wave in the skull and brain determine 

the mechanism of brain injury, which provides a theoretic 

basis for the diagnosis, treatment and protection of cranio-

cerebral injury caused by facial impact. 

Keywords: facial collision, craniocerebral injury, finite el-

ement simulation, injury biomechanics. 
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