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Abstract: In the real world, traumatic injuries are measured using the Abbreviated Injury Scale (AIS), however such a scale
cannot to date be computed or the injury precisely located by using human computer models. These models use stresses and
strains to evaluate whether serious or fatal injuries are reached, which unfortunately bear no direct relation to AIS. This paper
proposes to overcome this deficiency and suggests a unique Organ Trauma Model (OTM) able to calculate the risk to life of any
organ injury, focussing in this case on real-life pedestrian head injuries. The OTM uses a power method, named Peak Virtual
Power (PVP), and defines a brain white and grey matters trauma response as a function of impact direction and impact speed.
The OTM model was tested against four real-life pedestrian accidents and proved to predict the head trauma severity and
location. In some cases, the method did however under-estimate the trauma by 1 AlS level, because of post-impact haemorrhage
which cannot be captured with Lagrangian Finite Element solvers. The OTM has the potential to create an important advance in

vehicle safety by adding more information on the risk of head trauma.

Keywords: Peak Virtual Power (PVP), Abbreviated Injury Scale (AlS), Organ Trauma Model (OTM)

1.0. Introduction

1.1State of the Art injury severity indicators

Automotive Manufacturers design vehicles against legislative and consumer test protocols
using crash test dummies which are anthropometric mechanical systems which can capture
displacements, accelerations and forces, but do not contain internal organs. During the vehicle
design process, the dummies output is cross-correlated to a probability of threat to life, based
on injury severity. This trauma injury severity has been defined by medical professionals who
have determined the Abbreviated Injury Scale (AlS). The AIS is the global severity scoring
system that classifies each injury by body region according to its relative importance (threat
to life) on a 6-point ordinal scale [1]; the latest revision of the AIS scale, dates to 2015 [2]. AIS
is the internationally accepted and is the primary tool to conclude injury severity [1]. From an
engineering perspective, injury can be estimated using engineering indicators based on injury
criteria. Currently, injury indicators can be classified into two major categories: kinematics-
based indicators, used in crash test dummies; and strain-based indicators, when using a human

computer model.

The first category relates to kinematics-based criteria like the Head Injury Criterion (HIC) [3].
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The second category relates to human computer models, like THUMS [4][14][15], which
contain internal organs. In this case, plastic strains are used as the criterion in bone fracture
and principal strain is often used in soft tissue injuries. In the case of the THUMS human model

plastic strain criteria is used to evaluate the maximum AIS listed in Table 1.

Tissue/Organ Currently-used injury measurement Injury description AlS
Brain grey matter Maximum 30% principal strain Brain contusion 3-4
Brain white matter | 21% maximum principal strain Diffuse Axonal Injury (DAI) | 4
Heart 30% maximum principal strain Rupture 4
Liver 30% maximum principal strain Rupture 4
Spleen 30% maximum principal strain Rupture 4
Kidneys 30% maximum principal strain Rupture 4
Skull Maximum 3% plastic strain Fracture 2-3

Table 1: Currently used injury criterion on brain and organs and corresponding AIS level

All the known soft tissue organs known utilize a strain based output in order to capture, as per
the THUMS, the critical AIS [5][6][7][8]. In concept, elastic strain-based indicators are different
to human body injury. Also, time effects, or strain rates, are not considered when using strain
as an injury indicator. Considering the Eiband injury graphs [9], injuries are linked with impulse
duration, hence considering a time dependency factor when computing trauma. Currently the
trauma location cannot be predicted using the strain-based methods. As a consequence, it can
be concluded that kinematic and strain-based indicators are not realistic metrics to assess
trauma injury. Furthermore, it is not possible to conclude which plastic strain level represents
AlS1, 2, 3,4 and 5.

Such limitations can be overcome using the Peak Virtual Power method (PVP) which was
shown to statistically correlate with trauma observed in real-life accidents [11][12][13]. PVP is
an energy-based engineering indicator which was proposed as an injury criteria, and is derived
from the rate dependent form of the 2" law of thermodynamics using the Clausius-Duhem
inequality, considering that irreversible work in a human body is equivalent to injury
[11][22][13]. PVP takes the peak value of virtual power which indicates that it is monotonically
increasing throughout the time history of an impact, and has been statistically proven to
correlate with injury severity, with correlation coefficients (R?) better than 0.98 [11][12][13],

yet it has never been applied in a Finite Element formulation.

On organ/tissue level, PVP can be extracted using the formula from Equation 1[11][12][13]:
PVP x AIS «< max(o - €)

Equation 1: Peak Virtual Power (PVP) formulation



PVP is extracted by multiplying the stress ¢ and the strain rate &€ and memorizing the
maximum value as the impact event is taking place. As trauma, the maximum value of the PVP,
remains present during the duration of the impact and does not reduce when the load is
removed. PVP, and therefore the AlS trauma level, can be extracted using the Von Mises vector
resultant stress and strain rate. The research proposed will answer the question whether
trauma injury, extracted using PVP and then coded into an AlS, can be extracted from a finite
element model. The next section will discuss which parameters within the PVP equation affect

trauma.

1.2 Physical parameters influencing PVP

When the PVP theory was derived from first principles using the Clausius-Duhem inequality, it
was proven to accurately predict trauma against statistical real-life accident scenarios
[11][12][13]. The base PVP theory fully correlated with belted and unbelted occupants
accident data, and suggested that their respective trauma injury was a function of a cubic for
belted and a square of the impact velocity for unbelted occupants, as per Equation 2 and
Equation 3[11][12][13].

PVP « AIS « V? [unbelted occupants]
Equation 2: Relationship between PVP and velocity for unbelted occupants and belted occupants

PVP « AIS o« V3 [belted occupants]

Equation 3: Relationship between PVP and velocity for belted occupants

In the case of pedestrian accidents, the real-life pedestrian accident data demonstrated that
statistically the pedestrian trauma to impact velocity was proportional to the square of the

impact speed for slight injuries and to the cubic of the impact speed for serious/ fatal injuries.

1.3 Purpose of the research

The proposed research aims at answering the question whether it is possible to extract the
injury severity for soft tissue AIS organ injuries directly from the finite element model. The
introduction section has highlighted that the trauma level, which can be calculated via PVP,
was material, geometry, velocity and impact direction dependent. Using these four
characteristics, it is proposed to create corridors of survivability (as a function of impact speed)
and to test them against real-life scenarios in order to validate whether the PVP method is
suitable to predict the trauma location as well as the trauma severity in a finite element
environment. This study will be conducted using pedestrian accidents for which Police
accident reports and Post-Mortems (PM) have been made available from the UK Police Force
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(UKPF). As most pedestrians die of head injuries [4], this paper will focus on defining a
mechanical indicator to calculate the risk to life on brain tissues. The proposed research will
be conducted in accordance with the Coventry University [20] and the NHS ethics protocols,
ensuring respect of the deceased and full anonymity of data. An Information Sharing
Agreement (ISA) has been signed between the UKPF and Coventry University setting the

ethical and procedural requirements which have been met [21].

2.0 Methodology

2.1.Core Methodology

The methodology used in this study is based on two phases. The first phase is the definition of
the organ traumatology model (OTM) and the second one the traumatology model validation,

based on real-world accident reconstruction: the phase | OTM method is pictured in Figure 1.

| Select an impact mode |

d

Compute PVP needed to observe damage at organ =
level (usually set as a plastic strain level) — This is AIS 4
Repeat same impact with a range of speeds E
and plot PVP (AIS4) as a function of speed =
| Perform a cubic fit to capture AIS 4 ‘
—

2 B
| Interpolate AIS1, AIS2, AIS3 and AIS5 from AlS4 | :
l —

Complete the organ traumatology model
by adding corridors

Figure 1: Organ Traumatology Model (OTM) flowchart defining AIS corridors from head calibration

The research will consider the traumatology of the head in pedestrian impact scenarios and
focus on the white and grey matter. The process starts by impacting the head in the three
strategic locations (frontal, lateral and occipital), as documented by previous research [17] of
pedestrian impacts, at velocity increments ranging from 2m/s to 17m/s. The upper value of

17m/s is the maximum velocity observed in the accidents provided by the UKPF. Also, this
4



velocity relates to the maximum 64km/h frontal impact. Consequently, it is proposed that the

range of speeds proposed would allow the use of this OTM in other modes of impact scenarios.

For each impact velocity in a defined scenario (frontal, lateral and occipital), the PVP of the
first element in an organ reaching the critical level [4][14][15], known as the threshold critical
calibrated AIS value; the PVP value extracted at the time the damage is observed and plotted
as a function of speed. This plot represents AlS 4 of this organ. The next stage is to capture the
intermediate and ultimate AIS levels (AIS1, AIS2, AIS3 and AIS5), as well as their level of
uncertainty. Various studies collecting previous clinical research [11] have recorded the
relationship between AIS, which is Ordinal, and the risk to life. This data is plotted in Figure 2,
and contains data from Baker, CCIS, NASS and Walder [16]. In order to remove the bias from
each of the studies, the results from all the studies were averaged and extrapolated with a
cubic relationship as well as including a 95% confidence level corridor. It was previously
observed that the risk to life and the probability of death were related to a cubic (R? > 0.95)
[12][13]. At this point it is important to note that the cubic fit does not aim at interpolating
between the AIS values, which are ordinal values; the interpolation function is only
interrogated at integer AlS levels. The cubic relationship confirms that at the ordinal AlS values,

the relationship between trauma levels is a cubic in the “frequency of death”.
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Figure 2: Relationship between MAIS and Probability of Death - Cubic curve fitting
Consequently, the probability of fatality of MAIS 5 can be expressed as Equation 4.

Probablity of fatality of MAISS MAIS53 125
Probablity of fatality of MAIS4 MAIS43 64

Equation 4: probability of fatality of MAIS 5



Hence the ratio of AIS3, AIS2 and AIS1 taking AlIS4 as reference are 27/64, 8/64 and 1/64

respectively.

Phase Il will aim at validating the OTM model (Figure 3).

‘ Select pedestrian accidents ‘

! l l

‘ Real-life Post-Mortem ‘ Reconstruct vehicle Vehicle and pedestrian
geometry and stiffness crossing speed

\ J

[

‘ Accident reconstruction

[1

_ Compute numerical Trauma using
OTM Model (numerical Post-Mortem)

Is OTM Model
validated
(Intensity and
location)?

Figure 3: Phase II. Validation of OTM trauma model, linking computer model to real-life PM

To do so, four accidents have been provided by the UKPF. For each accident, the real-life
trauma is extracted from the Post-Mortem provided by the Coroner. The accident is
numerically reconstructed, and the numerical trauma computed using the OTM model from
Phase I.

In order to validate the OTM method, the trauma intensity (AIS level) and trauma location will

be compared to the real-life trauma extracted from the post-mortem (PM).

2.2.Methodology Application

The accident data in this section were provided by the UKPF and the Senior Coroner and
consisted of detailed Police accident as well as PM reports. The accident reconstruction
focused on re-creating the vehicle and the accident circumstances. In order to capture the
pedestrian kinematics, the THUMS human model was scaled to match the height and weight
of the deceased, and placed in the most likely gait [18][19], based on of accident report, to

replicate an accurate head landing position on the windscreen.

The cases studies are listed in Table 2.



UK Police . Vehicle
Case . Mass Height L
Force Vehicle Impact direction Impact Speed
Id: (kg) (cm)
Reference (m/s)

Left side impact
1 229-4818 Seat Leon 61.0 183 16.0
(right leg forward)

Toyota Right side impact
2 213-2205 58.6 165 11.2
Corolla (right leg forward)
) Side (left leg
3 001-3484 Renault Clio | 79.2 173 12.5
forward)
from driver’s near
4 207-9077 Benz B180 56.4 165 12.5
to far side

Table 2 Accident cases summary

Each vehicle stiffness was related to the EuroNCAP pedestrian scoring system [23][24][25][26]
and the stiffness value characteristic inspired by the APROSYS project [29].

The method proposed varied in the way the contact characteristic was provided. In APROSYS
Madymo was utilised, which favoured a contact force method which is well suited to
multibody software. In the case of a full Finite Element model containing soft tissues, i.e. for
which the stiffness values were very low compared to bones, similar contact method could not
be achieved, as it gave model instability. Consequently, a penalty method was preferred by
tuning the thickness of a bonnet area by simply changing the thickness whilst still meeting the
EuroNCAP test results. The accident kinematics can be seen in Appendix A, where the head

strike correlates with the photo evidence provided by the UKPF.

3.0 Results

3.1.Phase I: Calibration of OTM Trauma Model

A cylindrical impactor was created and positioned around the THUMS human head computer

model in the forehead lateral and occipital areas (Figure 4).



(a) (b) ()

(d) (e) (f)

Figure 4: Calibration of frontal (a) and (d), lateral (b) and (e), occipital (c) and (f) impacts on
THUMS'’ head for AIS corridor definition

As described in the methodology, the impacts were conducted from 2.0m/s to 17.0m/sin 1m/s
increments. Once the threshold plastic strain injury criterion is reached in one of the elements
of the head, its PVP value at that specific time is extracted and plotted against impact speed.
Brain contusion (grey matter) and Diffuse Axon Injury (DAI) (white matter) are classified as AlS
3 and AIS 4 level injuries respectively. Consequently, the PVP obtained for the critical plastic
strain threshold obtained on grey matter relates to an AlS 3 brain contusion. The PVP threshold
obtained on the brain white matter is equivalent to an AlS 4 Diffuse Axonal Injury (DAI). In the
frontal impact scenario, the PVP threshold of AIS 3 brain contusion and AlIS 4 DAl are shown in

Figure 5 and Figure 6 respectively, including the corridors of uncertainty.
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Figure 5: Brain trauma corridors in frontal impact (grey matter) linking AIS with PVP and impact

speed [27]

Head Frontal - White Matter (Diffuse Axon Injury)
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Figure 6: Brain trauma corridors in frontal impact (white matter) linking AIS with PVP and impact

speed [27]



The graphs plotted in Figure 5 and Figure 6 represent an Organ Trauma Model (OTM), which
maps the whole trauma response of an organ in a specific impact direction, against an impact
speed. For a selected impact speed (abscise), the PVP can be read from the finite element
model (ordinate). The AIS level can be extracted from these two values. As an example, the
case of white matter DAI, for an impact speed of 13m/s, should the PVP read 3mJ/s, then the
expected AIS is 4. A summary of the Phase | calibration is summarised in Table 3. Using Table
3, it is possible to reconstruct all the frontal, lateral and occipital trauma graphs for white and

grey matter.

Trauma Calibration Values for THUMS4.01 Pedestrian

PVP (mJ/s or mW) V: Velocity (m/s)
PVP = a.V3+b.VZ+c.V

Parts Identifier (White Matter) — right hand side white_matter_cerebrum_r 88000100
Parts Identifier (White Matter) — left hand side white_matter_cerebrum_| 88000120
Parts Identifier (Grey Matter) — right hand side gray_matter_cerebrum_r 88000101
Parts Identifier (Grey Matter) — left hand side gray_matter_cerebrum_| 88000121
Coefficients a b c
Head Frontal - Grey Matter (Brain Contusion) AlS4 -0.00008 0.01294 0.12651
Head Frontal - White Matter (Diffuse Axon Injury) AlS4 -0.00020 @ 0.01444 0.07155
Head Lateral - Grey Matter (Brain Contusion) AlS4 0.00116  -0.04542 0.63004
Head Lateral - White Matter (Diffuse Axon Injury) AlS4 0.00059 -0.01162 0.13460
Head Occipital - Grey Matter (Brain Contusion) AlS4 0.00060 -0.00480 0.11830

Head Occipital - White Matter (Diffuse Axon Injury) = AlS4 -0.00111 = 0.03812 0.00761

Table 3: Trauma Calibration Values for THUMS4.01 Pedestrian as function of impact direction [27]

The reconstruction cases in Section 3.2 use the AIS 4 curve interpolation parameters listed in
Table 3.

3.2.Phase II: Accident reconstruction and AIS validation

Results are plotted in Figure 8 and Figure 7. Red dots represent the CAE prediction results,
while the black ones show the injury result, including the error corridor, based on the autopsy

reports.
3.2.1Case 1: 229-4818

In case 1, the PM listed that trauma was present on the right side of the brain. The pathologist
did not give any information about brain contusion and corresponding side symptoms on the
grey matter. In the CAE simulation, an AlS 2 brain contusion is observed (Figure 7). AlS 2 injury
is @ moderate injury which has 1%-2% probability of fatality [1]. Comparing with no injury

suggested in the autopsy report, it can be noted that the CAE prediction is acceptable. It can
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be noted that in Figure 9, the trauma is more pronounced on the right-hand side, albeit small
(AIS2). It can be observed that principal plastic strain response in Figure 10 is very scattered
across the brain and does not show any clear trauma location, if compared to the PM. As a
matter of fact, both the left and right side of the grey matter are indicated as injured, which is

not what is expected.

On the white matter (Figure 8), due to a subdural hemorrhage identified in the PM report, an
AIS 4 injury can be concluded. From CAE simulation, an AlS 2-3 DAI was confirmed (PVP values
landing between AIS 2 and AIS 3 corridors). Trauma on the right-hand side of the brain is also
observed on Figure 9 if PVP is used. It can be noted that there is a higher trauma in the center
of the white matter, but such is not listed in the PM report. Looking at the principal plastic
strains, the values are again scattered and do not suggest a clear trauma location. The
difference in trauma results is due to the fact that the THUMS human computer cannot predict
blood loss post-accident but only mechanical injury at the time of the accident, as such
hemorrhage and swelling cannot be predicted using FEA. However, one of the side effects of
DAl is hemorrhage, therefore corresponding hemorrhage can be assumed according to the AIS

3 prediction result.

Looking at the PVP values in the median area, it is higher than the right side of the brain. This
has been missed in the PM. Nevertheless, the right impact location and trauma were predicted
by the proposed method (right side of the brain). The PVP of the left-hand side of the brain is
lower than the right-hand side of the brain, hence the trauma could have been missed in the
PM. Looking at the principal plastic strains, the values are in excess of 100%, which would
suggest AIS 4 if not AIS 5, hence contradictory to the PM outcome. In this case, maximum

principal strain does not capture the location nor the trauma level.
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Figure 7: Case 1 - Brain Trauma response (grey matter) (Frontal impact with SEAT Leon)
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Comparing the location of the impact, PVP can be compared with the current method widely
used which is the maximum principal strain (Figure 9). It can be noted that PVP computes a
trauma location median with a slight bias to the right, while the plot with the maximum

principal strain is not conclusive in location as well as in AIS outcome.
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Figure 9: Casel - White Matter injury comparison between PVP and maximum principal strain
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Figure 10: Case 1 - Grey Matter injury comparison between PVP and maximum principal strain
3.2.2 Case 2:213-2205

In case 2, the PM listed that trauma was present on the right temporal lobe. Considering the
brain grey matter (Figure 11), the PVP prediction and autopsy report are comparable. On the
white matter (Figure 12), an AIS DAl injury can be concluded from both the PVP prediction and

the autopsy report.
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White Matter Principal Strain Results — Top (e), Front (f), Side (g) and Isometric (h)

Figure 13: Case 2 - White Matter injury comparison between PVP and maximum principal strain
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Grey Matter Principal Strain Results — Top (e), Front (f), Side (g) and Isometric (h)
Figure 14: Case 2 - Grey Matter injury comparison between PVP and maximum principal strain

It can be observed from Figure 14 that the right temporal area has been injured, just by looking
at the PVP plot. It is suggested that the parietal lobe would be also damaged with an AIS2, but
was missed in the PM. When the principal strain plots are observed, they suggest that the
values are high around the parietal area, which is in the wrong location and not in the temporal
area; these strain values also tend to scatter as in Case 1. Looking at the principal plastic strains,
the values are in excess of 100% which would suggest AIS 4 if not AIS 5, which is contradictory

to the PM outcome. In this case, maximum principal strain does not capture the location nor
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the trauma level.

3.2.3 Case 3: 001-3484

In case 3, the pathologist did not observe any injury on the brain tissue, while using PVP, AIS 3
brain injury can be concluded on the grey matter (Figure 15) and AlIS2 on the white matter
(Figure 16). No injury description was given in the autopsy report; however, the pedestrian
death was recorded as death from multiple injuries. Therefore, based on the autopsy report,
MAIS of the pedestrian should be 0 which does not correlate with real-life accident. The fact
that no injuries were recorded in the PM does not mean that the injury was not present, but
was probably too small to be observed by the pathologist. It can be suggested that PVP could
suggest some trauma zones to the pathologist, like the upper lobes in this instance, which can
be observed using the PVP output from Figure 17 and Figure 18.

Looking at Figure 17 and Figure 18, it can be noted that the PVP trauma plots are less scattered
than using the standard maximum principal strain method. Also, in both cases, the maximum
principal strain values are lower than the critical values [15], but no AIS can be concluded from

their values.
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Figure 15: Case 3 - Brain Trauma response (grey matter) (Occipital impact with RENAULT Clio)
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Figure 17: Case 3 - White Matter injury comparison between PVP and maximum principal strain
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Figure 18: Case 3 - Grey Matter injury comparison between PVP and maximum principal strain
3.2.4 Case 4:207-9077

In case 4, the PM suggested extensive trauma on both lobes, which can be observed in the
PVP plots from Figure 21 and Figure 22. No brain contusion was observed by the
pathologist, and PVP suggests an AIS2 outcome (Figure 19), which is a reasonable match
as AIS 2 may be too small to be observed during a PM. An AIS 4 caused by DAl was
concluded in the autopsy report due to the subdural hemorrhage. On the white matter
PVP predicted an AIS 3 (Figure 20). Again, due to the limitations, PVP/FEA cannot predict
post-accident injury and so hemorrhaging is out of the capabilities of the PVP/FEA
prediction. It can be noted that in the PVP plots of the white and grey matter, the
maximum PVP appears in the median area of the brain. This was not captured in the PM.
Regarding the maximum plastic strain, the same comment can be made, i.e. the location

and the AIS predictions are not representative to what happened during the accident.
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Figure 21: Case 4 - White Matter injury comparison between PVP and maximum principal strain
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Figure 22: Case 4 - Grey Matter injury comparison between PVP and maximum principal strain
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4.0 Discussion

The results of the four accidents can be summarized in Table 4.

Case ) o ) Match
Vehicle PM description CAE location Comments
Id: (Y/N)
88118340 .
] ] Haemorrhage is not of
Right parietal lobe (Centre of o

1 Seat Leon ] the prediction scope Yes

(Haemorrhage) parietal lobe,

of THUMS.
not surface)

The maximum PVP is
88131788

The inferior aspect (Left grey

not located on the
description of PM, but

Toyota of the right matter, but
2 PVP distribution and Yes
Corolla temporal lobe in midline of
trauma level can be
(Swollen) whole grey
clearly observed on
matter)
right temporal lobe.
88118362
(Centre of
] right white
No evidence of skull
matter
fracture and brain No, but
Renault parietal lobe) | Trauma is too small to o
3 ) showed no prediction
Clio ] 88121842 be captured by a PM ]
evidence of plausible
] (Centre of
contusion
right grey
matter
parietal)
Extensive The maximum PVP is
haemorrhage within not located on the
88128363 o
the left cerebral ] description of PM, but
(Left white
4 Benz B180 hemisphere with t PVP distribution and Yes
matter
peripheral trauma level can be
o frontal lobe)
haemorrhage within clearly observed on
both cerebral lobes. both lobes

Table 4: Summary of the accident study: comparison between prediction and real-life PM outcomes

In the first instance, it can be observed that the CAE predictions are of the same order of
magnitude as the PM’s. In the instance of Case 1, the CAE prediction was AlS 3 while the PM
predicted AIS 4. In the PM report, it was observed that the skull and the cranial cavity were
normal. The brain showed an area of subdural haemorrhage over the right parietal lobe, and
also over the cerebellum in the midline and over right cerebella hemisphere. The cut surface

of brain showed some small petechial haemorrhage present in right cerebella peduncle. No
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other brain injury was identified. In Case 1 it can be observed the PVP is located in the exact
area of the PM, albeit right from the brain centreline. The pedestrian died, however, of a brain
haemorrhage. The OTM model is based on a CAE model which can only predict mechanical
damage, and not the blood loss, which is a fluid problem. Nevertheless, as a mechanical

indicator it predicted the correct damage area.

In Case 2, CAE and PM both predicted an AIS of 3 on the brain, which is a serious injury. The
PM listed that there was some subarachnoid haemorrhage. The brain appeared diffusely
swollen to a mild degree and there were contusions on the inferior aspect of the right temporal
lobe. These contusions were captured, however it was not possible to predict the

haemorrhage and the swellings which are occurring post impact.

Case 3’s PM was unremarkable, as no trauma was observed in the deceased (“No evidence of
skull fracture and brain showed no evidence of contusion”). The CAE model predicted an AlS
of 2 which is a moderate trauma. Maybe such trauma level is quite complicated to observe, as
being low risk and no haemorrhaging, hence it may be suggested that the CAE prediction is

plausible.

Case 4 had some similarity with Case 2, except that there was some “significant” skull fracture,
which had not been activated during the computations. This fracture is extending from the
right temporal area coronally to the left temporal region. There was also a fracture of the base
of skull on the left-hand side. A subarachnoid haemorrhage was identified and, on serial slicing
through the brain, there was extensive haemorrhage within the left cerebral hemisphere with
peripheral haemorrhage within both cerebral lobes. A 1cm haematoma was also noted in the
right cerebellum. The computer model predicted an AIS 3 while the PM suggested an AIS 4.
Again, it was not possible to predict the haemorrhage which is a post trauma effect which

requires an Eulerian solving method to extract.

It can be noted that the UKPF is using the pedestrian kinematic effects to evaluate the vehicle
impact speed, but not the Post-Mortem (PM), which contains vital information on the impact
energy that was exerted to kill the pedestrian. It is not usually used since evidence from the
PM would need to be presented by an expert (Home Office Forensic Pathologist). Overall the
quality of autopsy reports (PM) is always questioned: just over half of PM reports (52%)
(873/1,691) were considered satisfactory by experts, 19% (315/1,691) were good and 4%
(67/1,691) were excellent. Over a quarter were marked as poor or unacceptable.
Proportionately, there were more reports rated 'unacceptable' for those cases that were
performed in a local authority mortuary (21/214 for local authority mortuary cases versus
42/1,477 for hospital mortuary cases)” [22]. To date, experts tend to consider the research
around PM currently to be limited regarding its use to predict speed, therefore would not use

it in court during criminal proceedings. The PM is only used to state which organs failed, hence
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causing death, but not as evidence to add to the forensic case.

Overall, it can be observed that the comparison between PVP prediction result of pedestrian
injury and autopsy report shows a promising correlation to risk to life applied to the head, in
the trauma magnitude and location. This observation would suggest that it is possible to
supplement the standard pedestrian head impactor numerical process with a human
computer head model to assess the real trauma level of a pedestrian. With the current safety
assessment processes which are using a head impactor, in ECE 127 [30] and EuroNCAP [31],
which just evaluate HIC, it is only possible to evaluate the likelihood of linear skull fracture
damage. This new method can go beyond the current limitations and predict the trauma
outcome in the head’s white and grey matter. In the case of EuroNCAP, as the bonnets are
validated using calibration tests and then scaling of CAE prediction results, it would be possible
to add this PVP method to simulate alongside the EuroNCAP protocol in order to supplement
engineering assessment of brain injuries. Obviously, this suggestion would require a detailed
test configuration setup, as the human head’s trauma response is direction dependent; the
current test assessment is made of half a sphere of rubber coated, aluminum consequently
the proposed CAE assessment would require testing the 3 head directions studied in this

report.

Some of the discrepancies observed may be due to the fact that the THUMS human mode is a
dynamic Lagrangian CAE model which cannot be used to predict post-accident effects like
swelling and bleeding, but the material damage: in this case trauma. Consequently, a means
to extract the post-impact trauma will require a fundamental rebuild of the computer model

and include maybe SPH or ALE formulations to evaluate bleeding and swelling.

The results observed overall are coherent with the PM results, hence suggesting that this
computer method can be applied to other soft organ tissues, like liver, spleen heart and
kidneys. The current study could be extended to investigate whether the same level of
correlation can be achieved for such organ, leading eventually to the CAE calculation of the

Injury Severity Score (ISS), i.e. based on a polytrauma.

In the future, as PVP is material property dependent, it would be theoretically possible to
calibrate the OTM model with material properties for older people (Young’s Modulus and
failure strain level), making the OTM method a universal trauma modeling method. It could
also be hypothesized that pre-existing medical conditions could be pre-stored as a PVP value

which could be added to the PVP generated by the collision.
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5.0 Conclusions

An Organ Trauma Model (OTM), based on Peak Virtual Power (PVP), was used to successfully
extract the AIS risk to life, using the Finite Element method, to pedestrian white and grey
matters in vehicle collisions. The OTM predicted trauma location as well as intensity, unlike
current other computer methods utilized. The OTM firstly calibrates PVP against the medical
critical AlS threshold observed in each part of the head as a function of speed. This base PVP
critical trauma function is then scaled and banded across all AIS levels using the property that
AIS and the probability of death is statistically and numerically a cubic. The OTM was tested
against four real-life accident scenarios for which PM data was available. The study concluded
that PVP was a good candidate to predict AlS in a Finite Element head model, and that head
trauma under-predictions were due to haemorrhage, which is post-impact. This method,
however, brings some benefits, as it allows the assessment of head white and grey matter
injuries, which are currently not measured, and may live alongside the current EuroNCAP test

protocol to enhance the protection of pedestrian head injuries.
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Figure 23: Validation of head impact location for each four accidents
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