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Abstract 
In order to ascertain the circumstances, the causes of pedestrian accidents and its influence on 
pedestrian injuries, we analyzed all accidents with victims which have occurred in the period 2010-
2011 included in the ANSR database (Autoridade Nacional de Segurança Rodoviária) using a 
Multinomial logistic regression model, and which resulted in 216 fatal injuries, 975 serious injuries and 
10,175 minor injuries, in a total of 11,366 accidents with victims. An analysis was performed to a set of 
100 pedestrian accidents which occurred between the 2009-2011 period, based on data from INMLCF 
(Instituto Nacional de Medicina Legal e Ciências Forenses), in an attempt to identify factors 
influencing certain types of injuries and their seriousness by group age. This set of analyzes identified 
some risk factors in pedestrian accidents, such as the age and gender of the driver, pedestrian road 
accidents location, lighting conditions and age and gender of pedestrians, presenting a set of 
measures to reduce accidents, highlighting the need for campaigns to alert and policies focused on 
specific groups of pedestrians. Additionally, it was created using Microsoft Access, a database 
following the model of data collection of ANSR and standard report of an autopsy at INMLCF. An 
example of a computational reconstruction of a real pedestrian road accident was presented, aiming to 
demonstrate the variety of parameters that affect this type of research on road accidents, determining 
the influence of the dynamics of the accident in the resulting injuries of pedestrians and verifying the 
importance of Biomechanics on computer simulations. 
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1. Introduction 

The number of road accidents in the EU 
(European Union) is declining significantly year 
by year, as well as its severity. Portugal is also 
following this trend, certainly a result of various 
awareness campaigns, through every country, 
and media coverage of the problem of road 
safety efforts, followed by civic movements to 
diminish road casualties, improving roads, 
construction of safer vehicles, changes on the 
road legislation and more strict and higher 
financial penalties, amongst other safety 
measures. 

Pedestrians are one of the most vulnerable 
road users. Despite significant improvements 
in road accidents all over EU and Portugal, it 
appears of great importance the study and 
understanding of the origin and occurrence of 
a relative high number of road accidents 
involving pedestrians and how to minimize the 
consequences, identifying risk factors for 
pedestrians and priority areas for action, 
seeking to minimize risk exposure. 

Using the CARE database for a more 
rigorous assessment of the evolution of 
Portugal between European counterparts and 
the demographic data from Eurostat it is 

presented in figure 1 the number of pedestrian 
fatalities per million inhabitants between 2001 
and 2011 in the EU-15 (except Luxembourg) 
[1] [2]. 

Figure 1 – Pedestrian fatalities per million 
inhabitants (2001-2011) 

 
As it can be observed, the number of 

fatalities per million inhabitants in countries like 
France and Netherlands, with better conditions 
for pedestrians, despite some decrease over 
the years, has presented some constancy of 
low values of fatalities in road accidents with 
pedestrians [3]. Portugal, on the other hand, 
only in the period from 2005 to 2009, managed 
to reduce its fatality values getting closer from 
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other countries. Still, in recent years, Portugal 
remains one of the countries with the highest 
number of fatalities per million inhabitants. 

It follows that pedestrian accidents severity 
in Portugal is a real problem that demands the 
development and implementation of specific 
road safety measures. It is also important to 
note that not all pedestrians are equal, starting 
with their age, for example. There are certain 
pedestrians, regarding their age, that are more 
susceptible to pedestrian road accidents than 
other. Not only more susceptible, but also more 
fragile thus suffering more serious injuries or 
fatalities. 

Accident statistics reveal factors of risk and 
establish the dependencies of accident rates 
on the characteristics and parameters of road, 
cars, pedestrians, traffic and the environment 
of accident location [4][5][6]. Usually, in traffic 
safety issues, the tripartite system of human, 
vehicle and environment is commonly used. 
Each accident is caused by at least one of 
these three factors. The human factor covers 
all human beings and their differences whose 
behaviours and actions directly contribute to 
the accident and, regarding the environment, it 
could be defined as everything that is outside 
the motor vehicles. In practice, pedestrian 
accidents are usually not linked to only one of 
the three causes but as a result of a 
combination within them, with emphasis on the 
one or the other. 

Many researchers have attempted to 
establish crash consequence models to 
determine the injury severity of pedestrian 
casualties. Some authors categorized the risk 
factors considered in earlier studies into six 
following categories variables: pedestrian 
personal characteristics (e.g. age, gender, 
alcohol consumption), motorized vehicle driver 
characteristics (e.g. state of soberness and 
age), motorized vehicle attributes (e.g. vehicle 
type and speed), roadway characteristics (e.g. 
speed limit, road system), environmental 
factors (e.g. time, weather conditions), and 
crash characteristics (e.g. vehicle motion prior 
to accident) [7]. 

Through the statistical analysis of road 
accidents one can determine patterns and 
identify the determinant factors in the 
occurrence and severity of accidents, and in 
this particular case, of pedestrian road 
accidents in Portugal. The in-depth study of 
these accidents, resorting to scientific methods 
and namely, the use of computational models, 
allows the increase of knowledge in this 
particular field in order to evaluate tendencies, 
isolate problems and areas where taking 
actions is a priority and supports the 

development of effective measures to improve 
pedestrians’ safety. 

 
2. Statistical analysis of injury risk 
factors within pedestrian road 
accidents 

When dealing with injury risk factors 
regarding road accidents involving pedestrians, 
an analysis of this phenomenon with significant 
proportions in statistical terms by a mere 
descriptive statistics is insufficient.  

Developing a universal knowledge of the 
main risk factors associated with pedestrian 
road accidents, the objective is now to identify 
the risk factors that influence the severity of 
injuries suffered by pedestrians involved road 
accidents in Portugal.  

In the process of identifying possible 
associations between accidents and injuries, it 
was used the SPSS software version 19 for 
such statistical data analysis. 

 
2.1. Data source 
The data concerning pedestrian road 

accidents in Portugal used in this work was 
provided by ANSR. This data comes from two 
different records filled by two different types of 
supervisory bodies (GNR and PSP) – 
ANTENNAS and BEAV. The first record 
contains information about the total number of 
accidents and casualties recorded by districts 
while BEAV provides a more complete source 
of information, making possible to characterize 
the circumstances in which accidents occur 
(accident location, road type) as well as users 
involved (age, gender, etc.) [8][9]. 

The used sample to achieve the 
established objective consisted of 8573 cases, 
where 177 corresponded to fatalities, 761 to 
seriously injured pedestrians and 7635 to 
slightly injured pedestrians. These cases were 
selected from a total of 11366 pedestrian road 
accidents with victims between the years 2010 
and 2011, in Portugal. 

 
2.2. Methodology 
Defining precisely the aim of the work, 

which is intended to test hypotheses, the 
control variables and their measurement 
scales, foundations are established to select 
the appropriate statistical tests for the desired 
analysis. 

It was applied the Multinomial Logistic 
Regression model (MLR) to increase 
confidence level in the process of identifying 
possible associations between accidents and 
injuries. Due to the similarities in terms of 
origin and format of the databases of road 
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accidents to analysis, applied statistical 
methods and research objectives, it was used 
several references regarding previous 
undertaken works for the present analysis 
[10][11][12]. 

Degrees of injury severity resulting from a 
crash are included in the ANSR database, 
thereby enabling the construction of a 
categorical variable that captures different 
ranks of severity. Thus, the dependent variable 
contains 3 degrees of severity according to 
police reports following the crash: slightly 
injured, seriously injured or dead. 

The MLR was then applied using a number 
of potential determinants as explanatory 
variables of injury severity to estimate the 
determinants of differences in the degree of 
accident severity. 

In the database, from a total of 11366 
cases there were 2793 missing data events, 
which correspond to approximately 24,6%. 
Having this in consideration, and since high 
number of empty cells does not completely 
ensure the quality of the model, it was 
proceeded an independent variable selection. 
These are common problems in regression 
models applied to big samples and/or large 
number of independent variables categories, 
as it is the case in our model [13]. 

 In a logistic regression with more than one 
explanatory/independent variable, the method 
of including variables in the model can be 
carried out in a stepwise manner going 
forward, backward or even a bidirectional 
approach (a mixture of the previous two), 
testing for the significance of inclusion or 
elimination of the variable at each stage [14]. It 
was used the forward stepwise procedure, 
where variables are sequentially added to an 
"empty" (intercept) model. When inserting 
variables to an intercept model, it was checked 
if the quality of the model was compromised, 
by analyzing quality parameters such as 
Pearson and Deviation quality tests and 
likelihood ratio test results. 
 

2.3. Results 
Existing methods for the individuation of 

accident patterns include frequency analysis 
combined with odd ratio (OR) calculation, 
which is a measure of effect size describing 
the strength of association between the 
variables [15][16]. The statistical significance 
(p<0,05) of the results was given by the 
associated p-value. The obtained results are 
schematized in Table 1, where in blue and 
green we consider the “Dead” and “Seriously 
injured” as categories in analysis, respectively, 
always comparing the results with the “Slightly 
injured” reference category. 

Table 1 – Main results obtained with the MLR 
 

Risk factor Predictor 
Reference 

Findings with 
greatest odds 

District Lisboa + 582,8% for 
Évora 

Localization Inside towns +427,7% for 
Outside town 

Circulation 
Regime Two-way street - 48,3% for One-

way street 

Road division Road without 
division 

+ 82,3% for Other 
road type 

Illumination Day 
+ 439,5% for Night 

without 
illumination 

Pedestrian’s 
Age 

Greater than or 
equal to 65 
years old 

- 79% for Less 
than or equal to 14 

years old 
Pedestrian’s 

Gender Female + 74,3% for Male 

Vehicle 
Category Light Vehicle + 529,8% for 

Heavy vehicle 

Driver’s Age 30-39 years 
old 

+ 90,9% for 20-29 
years old 

Driver’s 
Gender Male - 48,9% for 

Female 

Driver’s Injury 
Severity Uninjured 

+ 8227,8% for 
Dead/Seriously 

injured 

Time of day 10h - 15h59 
+ 38,5% for 19h-
00h59 and 35,7% 

for 7h-9h 

District Lisboa + 485,4% for 
Bragança 

Localization Inside towns + 66,6% for 
Outside town 

Circulation 
Regime Two-way street - 37,3% for One-

way street 

Road division Road without 
division 

+ 326,4% for 
Highway or with 
an road division 

Illumination Day 
+ 73,8% for Night 

without 
illumination 

Road Marks 
Without road 

marks or 
barely visible 

+ 34,5% for With 
marks – 

separating driver 
direction and 
traffic lanes 

Driver’s  
Age 

30-39 years 
old 

+ 
26,4% 
for 20-

29 
years 

old 

- 31,2% 
for 

Greater 
than or 
equal to 
70 years 

old 

Pedestrian’s 
Age 

Greater than or 
equal to 65 
years old 

- 59,5% for 15-39 
years old 

Vehicle 
Category Light Vehicle 

+ 337,8% for 
Other (agricultural 
vehicle, vehicle on 
rails and industrial 

vehicle) 

Driver’s Injury 
Severity Uninjured 

+ 2128,8% for 
Dead/Seriously 

injured 
 
The final adjusted model was statistically 

significant (!! 102 = 1,297!4; ! = 0,000). 
Also, the AIC and BIC criteria values, as well 
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as the 2-Log Likelihood criteria, are lower in 
the final adjusted model than in the intercept 
model. And, since lower values indicate better 
model’s adjustment to the data, it can be said 
that the final model is better than the intercept 
model. Furthermore, the Pseudo !! statistics 
confirm the quality of the adjusted model since 
the model explains 78% of the variance of the 
dependent variable. These Pseudo !! 
parameters are: Cox and Snell (0,78), 
Nagelkerke (0,877) and McFadden (0,689). 
When these values are closer to 1, they are 
good quality indicators. In both adjustment 
quality tests of Pearson and Deviance, the p-
value is bigger than the critical significance 
value which is 0,05 (!!"#$%&'! 15398 =
14580,266; ! = 1,000 and ! 15398 =
5527,366; ! = 1,000), meaning that the model 
has a good fit between the expected and 
actual values. Furthermore, it can also be 
concluded that the model had 89,4% accuracy 
between the observed and predicted values. 

The obtained final adjusted model indicated 
that there were 14 predictors that significantly 
influence the pedestrian injury severity in the 
event of a road accident. These independent 
variables were: Time of day, District, 
Localization, Circulation Regime, Illumination, 
Road Marks, Pedestrian’s age, Pedestrian’s 
gender, Vehicle Design/Category, Driver’s 
gender, Driver’s Injury Severity, Driver’s age 
and Blood alcohol rate. These were the 
variables that correlated with the dependent 
variable. 

 
3. Statistical analysis of age risk 
factors within pedestrian road 
accidents 

Due to the fact that older pedestrians have 
an increase of the odds of having severer 
injuries than younger road users, as seen in 
the first statistical analysis, in this work section 
it is focused in the analysis of age risk factors 
that influence the occurrence of a pedestrian 
road accident.  

A major shift is occurring in the population 
age distribution in EU generally as a result of 
the baby-boom generation’s maturation, lower 
birth rates and increased longevity. It is 
predicted that Portugal will have 11,395 
millions of inhabitants by 2036 and, by 2060, 
11,265 millions. By the year 2008, Portugal’s 
population with more than 65 years old was 
represented by 17,4%. By the year 2035, this 
population group will be represented by 24,9% 
and in 2060 by 30,9% [17]. This increase in the 
elderly population will place new and growing 
demands on the road and transport system 
and will affect the strategies, policies and 

provision of services for the older members of 
our community. This issue has to be seen as a 
major treat to road safety matters. 

Adding to these demographics changes, 
older members of communities are 
characterized by certain biomechanical 
features and age-related functional 
impairments. These comprise changes in the 
bone mass and its toughness, as well as 
muscular and skeletal weakening, loosing 
agility and ability to maintain balance and to 
cope with losing balance; also, as a result of 
normal aging and diseases, they experience a 
deterioration of hearing and eyesight, as well 
as a loss in the cognitive performance [18] [19] 
[20][21]. 

Therefore, since seniors tend to spend a lot 
of time walking, it means that they are 
confronted with traffic-related decisions quite 
often. Despite the acknowledgment that 
pedestrian safety is a considerable problem, 
no research has been conducted in Portugal 
as to why these crashes are occurring, nor has 
there been extensive research on risk factors 
or behavior and exposure of elderly 
pedestrians. Thus, the objective is to identify 
these age risk factors in pedestrians that 
suffered fatal injuries, in Portugal. Furthermore, 
official statistics regarding road injuries are 
usually obtained only from police records. 
There is rarely a systematic follow-up from 
hospital data based on medical diagnoses [22]. 
Therefore, it was intended to undertake a 
statistical analysis combining information from 
both parts in an attempt to identify as well the 
factors likely to influence certain types of 
injuries and their severities in different 
pedestrian age groups. 

In the process of identifying possible 
associations between fatal accidents and 
pedestrian’s age, it was used the SPSS 
software version 19 for such statistical data 
analysis. 

 
3.1. Data source 
For this statistical analysis, it was combined 

information from ANSR and also from INMLCF. 
At INMLCF, an institute that exercises 

forensic expertise, there is cooperation with 
courts, prosecutors and the police (and other 
entities) involved in the system of justice, 
conducting examinations that may be 
requested, aiming to clarify the cause of death 
and the circumstances in which it occurred. 
Also, it provides laboratory examinations to 
determine, for example, the blood alcohol rate 
and the presence of drug substances by 
conducting chemical and toxicological tests.  

The gathered data from INMLCF came from 
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the autopsy reports. These reports include 
information like, for example: pedestrian’s 
name, address, age, gender, occupation, 
marital status, household, weight, stature, 
day/hour of the accident and day/hour of the 
autopsy, day/time of fatality, clinical situation at 
the time of hospitalization, external and internal 
examination of the body, chemical and 
toxicological test results, medical imaging 
exam results, cause of death and autopsy 
conclusions. 

The used sample to achieve the 
established objective consisted of obtaining 
information from 100 autopsy reports, crossing 
further information available from the ANSR 
database. These cases were selected from a 
total of approximately 800 reports for the years 
between 2009 and 2011, in Portugal. 

 
3.2. Methodology 
Defining precisely the aim of the work, 

which is intended to test hypotheses, the 
control variables and their measurement 
scales, foundations are established to select 
the appropriate statistical tests for the desired 
analysis. 

It was applied the Multinomial Logistic 
Regression model (MLR), as in the first 
statistical analysis. 

For this analysis, pedestrian’s age was 
defined as the dependent variable. This 
variable was defined in four different 
categories: less than or equal to 15 years old, 
between 16 and 39 years old, 40 and 59 years 
old and greater than or equal to 60 years old. 
When grouping pedestrians by different age 
categories, it was found that at previous 
studies there was not a pattern of how to group 
them. Nonetheless, the category division was 
based mainly on [23]. 

Regarding the gathered data from 
INMLCF’s autopsy reports, it was intended to 
include a more accurate measure of the injury 
severity sustained by the pedestrian when 
involved in a pedestrian road fatal accident. 
Thus, it was considered one of the most 
worldwide used anatomical scale AIS - 
Abbreviated Injury Scale being an ordinal scale 
ranging from 0 (non-injured) to 6 (maximal–
currently untreatable) [24].  

The body areas that undergo the 
punctuation score with AIS are divided as 
follows: head, with a portion of the spine 
included (cervical), neck; thorax, with dorsal 
spine included; abdomen, with lumbar spine 
included; pelvis; arms; legs; and feet [25]. 
Then, since the NISS is specially designed for 
the assessment of multiple injuries, it was 
distinguished and scored the final six different 
body regions: head, face, chest, abdomen, 

extremities including pelvis and external. 
Therefore, it was considered as independent 
variables the AIS classification of these six 
body regions and also the NISS score, 
grouped in 6 interval categories as follows: [9-
15], [16-24], [25-40], [41-49], [50-74] and 75. 
This division was accordingly to previous 
studies [26]. 

The MLR was then applied to determine, 
amongst pedestrians who suffered fatal injuries 
following the accident, which were the main 
factors that influence pedestrians grouped by 
different ages and, also, their resultant injuries 
classified by the AIS and NISS injury scales. 
Also, in this case, since having a small sample 
of data to be analyzed, one way to make 
statistical inferences is to compute the exact p-
values (more specifically, using the Fisher’s 
exact test) [27]. Therefore, after applying the 
MLR to the sample, it was used this exact test 
to found more associations between the used 
variables. 

It was considered the Principle of 
Parsimony or Occam's razor which led to a 
simpler model with increased power to detect 
relationships between our considered 
variables, achieving greater levels of 
confidence in the results with the best fit as 
possible [28]. On the other hand, by taking this 
approach, it was compromised the hypothesis 
of having a final model with more detail 
(including more variables). 
 

3.3. Results 
The Exp(B) coefficients allow quantifying 

the increase or reduction of the risk of dying 
and belong to the various age groups. If these 
coefficients are greater than 1, it indicates an 
increased risk associated within the category 
and, if less than 1, it indicates a reduction of 
the risk. 

Being the significant categories identified in 
Table 2, there is a considerable confidence to 
affirm that: 

§ The risk of a pedestrian with an age greater 
than or equal to 60 years being involved in a 
fatal road accident during the day is greater 
than the risk for the same pedestrian when 
there is low light (13 versus 9). Having a 
confidence interval of 95%, we can also say 
that the risk of a pedestrian with over 60 years 
old suffering fatal injuries when there is low 
light is superior between 2.088 and 38.787 
then the same risk observed among young 
people aged less than or equal to 15 years of 
age. 
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Table 2 – Parameter Estimates 

Reference category: Less than or equal to 15 years old 

 
§ When comparing with the reference group, 
for almost all categories of the 
“illumination_V2” predictor, the risk of suffering 
fatal injuries is higher in periods with low light 
than in broad daylight. The exception is for the 
age group “greater than or equal to 60 years 
old”, where it is more likely to being killed in 
broad daylight in comparison to the reference 
group. 
§ The risk of a pedestrian aged between 16 
and 39 years and being on a road fatal 
accident is 6 times greater than the risk for a 
pedestrian of the reference group (less than or 
equal to 15 years), and decreases slightly to 
5.5 times higher among pedestrians aged 
between 40 and 59 years. 
 

Also, some associations were found when 
using the Fisher’s exact test: 

 
§ It should be rejected the hypothesis of 
independency between the age of pedestrians 
and illumination since the Fisher’s exact test 
resulted in a significance of less than 0.05,. 
Also, as noted earlier, young people aged 
between 16 and 39 years and adults aged 
between 40 and 59 years get involved in fatal 
accidents more frequently during the night with 
lighting (68,8% and 40,9% respectively). While 
pedestrians aged less than or equal to 15 are 
more prone to being on a road accident during 
the day (60%), also pedestrians equal to or 
older than 60 years old suffer an accident 
frequently during the day (68.4%) or at night 
with lighting (19.3%). 
§ Pedestrians under the age of 16 years old 
suffer an accident more often during the time 
period of 16h00 to 19h59 (60%). For 
pedestrians between 16 and 39 years, it is 
more frequent between 04h00 and 7h59 
(37.5%) and between 20h00 and 23h59 (25%). 
Pedestrians aged between 40 and 59 years 

present a higher number of pedestrian road 
accidents for the period between 20h00 to 
23h59 (31,8%) and 16h00 to 19h59 (31,8%). 
Regarding pedestrians from “Greater than or 
equal to 60 years old” category, we verified 
that they get involved in accidents more 
frequently between 16h00 and 19h59 (33,3%) 
and between 08h00 and 11h59 (31,6%). 
§ Pedestrians under the age of 16, the driver 
was starting the pace or at a normal pace. 
Between pedestrians aged between 16 and 39 
years, besides the normal pace, drivers were 
on a reverse manoeuver or taking a blunt 
deviation or exiting the traffic queue. Among 
the elderly, 86% of pedestrian’s pedestrian 
road accidents occurred when the driver was in 
normal pace. 
 
4. Development of a Database as 
an alternative autopsy report 
procedure 

The established objective of suggesting an 
alternative way to store and present data from 
autopsy reports was accomplished by the 
development of the INMLCF database. 

Furthermore, combining with data from 
ANSR, it was built up the available information 
regarding the future use of this tool for accident 
reconstitution purposes by NIAR1 (Figure 2). 

Thus, using this database, it can be 
establish a good quality linked database, 
aiming to develop an effective strategy to deal 
with elderly pedestrian trauma [29]. 

Increasing the level of detail regarding the 
sustained injuries in pedestrians, we can 
search for trends and conclusions to be 
considered for road safety measures in the 
future and also making the process of accident 
reconstitution quicker. A Microsoft Access 
database it’s more suited to make statistical 
analysis faster and with fewer errors allowing a 
more organized analysis once it was reduced 
chances of error when inserting information, 
whether in terms of content, or in terms of the 
correct location for the same. 

 
 
 
 
 
 
 
 

 
 
 
 

Figure 2 – INMLCF Database. 

                                                
1 Núcleo de Investigação de Acidentes Rodoviários 

 
 

Age 

 
 

Illumination_
V2 

Sig. Exp(B) 
95% CI for 

Exp(B) 
Lower 
Bound 

Upper 
Bound 

16-39 
years old 

With reduced 
light ,019 6,000 1,343 26,808 

In broad 
daylight ,706 1,333 ,298 5,957 

40-59 
years old 

With reduced 
light ,027 5,500 1,219 24,813 

In broad 
daylight ,046 3,667 1,023 13,143 

Greater 
than or 
equal to 
60 years 

old 

With reduced 
light ,003 9,000 2,088 38,787 

In broad 
daylight ,000 13,000 4,017 42,066 
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(1) 

 
5. In-depth investigation in 
pedestrian road accidents 

Despite that a statistical analysis provides 
an evaluation of the measures applied for 
improving road traffic accidents, this type of 
analysis corresponds just to a first phase of an 
investigation process. This phase lacks of 
fundamental information to increase the level 
of detail and understanding peculiarities 
associated with pedestrian road accidents, 
given the limitations imposed by the events to 
which the police do not have access on the 
accident site, also the pre-impact vehicle 
velocities, the cause of the accident and the 
responsibility of their occurrence. So, it arises 
the need for an in-depth investigation in order 
to analyze and have access to important and 
fundamental aspects of an accident, absent in 
a mere statistical analysis. 

 
5.1. Impact biomechanics and Injury 

criterion 
Impact biomechanics studies the forces 

acting on the human body, namely, impact 
forces, the effects produced by these forces 
and ways to reduce or eliminate the structural 
and functional damages on the body deriving 
from an impact situation [30]. In order to 
evaluate the pedestrian biomechanical 
behavior in an impact and analyze the injuries 
severity based on acceleration levels obtained 
in the collision simulation, the software PC-
Crash can be used. In its base there are the 
multibody dynamics fundaments. In practical 
terms, the injury level evaluation is done by 
using injury criteria applied to acceleration data 
withdrawn from the multibody models 
representing the human body in the impact 
simulation. 

Injury criteria are a set of physical 
parameters correlated with the severity of the 
injury inflicted in the body area in analysis that 
indicate the potential for inducing injuries from 
the impact. These criteria are essential in the 
development of safety devices and for 
evaluating their efficiency. Concerning a 
fundamental vital area of the human body, the 
head, criteria to assess injuries severity in an 
impact such as HIC (Head Injury Criterion) are 
available. 

HIC is a criterion based on the head linear 
acceleration evaluated, for example, from 
biomechanical models, in a given interval, that 
is computed based on the following 
expression: 

!"# = max !
!!!!!

! ! !"!!
!!

!.!
!! − !!  

 
In this expression (equation 1) the 

acceleration pulse a(t) at the head’s center of 
mass is measured in multiples of the 
acceleration of gravity [g] in the time interval 
(t2-t1) that maximizes the HIC value. The 
maximum HIC value admitted, beyond which 
the resultant injuries are expected to be severe 
and permanent, requires t2 and t1 not to lay 
more than 15 ms apart for a direct impact or an 
interval (t2-t1) of 36 ms for an indirect one, with 
a HIC tolerance limit of 700 (HIC15) and 1000 
(HIC36) for each case and considering the 
50th percentile male [30][31][32][33][34][35]. 

There is a direct correlation between HIC 
and AIS that enables the conversion of the 
head acceleration levels determined in 
computational simulations into injury severity 
which it can be observed in figure 3 [36]. 
 
 
 
 
 
 

 
Figure 3 – Correlation between HIC and AIS 

 
5.2. Computational reconstitution of a 

real pedestrian road accident 
When performing computational simulations 

reconstructing an accident, it establishes a 
connection to the biomechanics theory of 
impact, being treated as an optimization 
process, where velocities and pre-impact 
positions are variable parameters.  

The computational simulation of a real 
accident that was studied is briefly described. 

 Existing deformations in the passenger car 
are mainly concentrated in the front of the 
vehicle, more specifically in left side (given the 
driving position). According to the autopsy 
report of the victim, injuries to the head at an 
internal level are those that deserve greater 
emphasis, showing injuries classified with an 
AIS=5. In the sketch there was information of 
the most likely site of collision as well as the 
various measured distances at the scene and 
the final position of the pedestrian’s body. 

Taking into consideration the police report, 
sketch, vehicle damage and driver’s statement, 
we started our analysis by checking the 
accuracy of this information based on the 
pedestrian’s injuries (in the head), maintaining 
the known and verified information about the 
accident, such as the victim’s final position and 
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t=0.38s 

the damage on the car. It was verified that only 
for pre-crash velocities that were greater than 
55 km/h we had severe injuries to the head 
since HIC > 700 are expected to result in 
serious and permanent injuries (Table 3). 
However, when simulating the accident with 
these velocities, it was impossible that the 
predicted point of impact by the police was 
correct since the victim’s final position, being a 
known and verified fact, was not in accordance 
with the observed final position. 

 
Table 3 – HIC (for 15ms) and AIS calculation. 

Pre-Crash velocities !"#!" AIS 

40 km/h 52,64 1 
45 km/h 29,50 1 
50 km/h 129,86 1+ 
55 km/h 450,04 2+ 
60 km/h 857,03 3+ 
65 km/h 1258,19 5+ 
70 km/h 2137,54 6 

 
Having all the information above 

mentioned, various scenarios and parameters 
were tested in order to determine the dynamic 
of the accident, as well as the car’s velocity at 
the time of impact and the point of impact. It 
was then achieved a good hypothesis of the 
accident’s dynamics, presented in figure 4. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 4 – Photograms of the accident dynamics 

The obtained results for this simulation 
confirm the presence of severe injuries to the 
head (Table 4), as stated by the autopsy 
report, and also the absence of other relevant 
injuries (Table 5), validating the simulation. 

 
Table 4 – HIC (for 15ms) and AIS calculation for the 

performed simulation 

 
Table 5 – Injury criterions and correspondent values 

for the performed simulation 

 
6. Conclusions and future work 

It was presented two statistical analyses 
based on collected data from ANSR (2010-
2011) and INMLCF (2009-2011). In the first 
analysis, it was intended to predict the severity 
of the injury sustained by pedestrians and its 
relation regarding several factors. Its results 
showed an increased likelihood of severer 
injuries in several factors. The fact that a 
pedestrian road accident occurs outside town, 
in low-density traffic areas, contributes to an 
increase of severer injury likelihood. Also, 
when an accident occurs at night in non-
illuminated zones, pedestrians tend to sustain 
more severe injuries than in other situations. 
With respect to interveners in this kind of 
accident, male drivers and male pedestrians 
showed to be greatly involved in more serious 
accidents. Furthermore, younger drivers were 
also associated with an increased severity risk 
and, on the other hand, older drivers showed a 
decreased likelihood of serious injuries. 
Regarding pedestrian’s age, older pedestrians 
tend to be more seriously injured in this type of 
accidents. 

In the second statistical analysis, it was 
intended to study the factor risks that were 
associated with an age variation within the 
population who died in the course of the 
accident. When comparing to younger 
pedestrians, adult pedestrians proved to be 
more likely involved in a fatal crashes in low 
light environments or with artificial illumination, 
especially pedestrians aged between 16 and 
39 years old, between 04h00-7h59 and 20h00-

Injury Criterion Threshold Obtained values 
Torso 

acceleration 
60 g ≈ 45,9 g 

Axial Force 
(Fx) – Femur 

10 kN ≈ 5,2 kN 

Critical Force 
(Fz) – Lower leg 

35,9 kN 
for 40%  

risk of AIS 2+ 

≈ 2 kN 
for 2,23% 

risk of AIS2+ 

Pre-Crash 
velocity !"#!" AIS !"#!" 

Threshold 
56,5 km/h 1173,14 4+ 700 

t=0.06s 

t=0.00s 

t=3.20s 
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23h59. For older pedestrians (greater than 60 
years old), the statistical analysis showed that 
they were more likely to be in a fatal accident 
at broad daylight, especially between 16h00 
and 19h59. This study also suggests that 
younger pedestrians are more likely to be killed 
for the time periods of 16h00-19h59 and 
08h00-11h59. Regarding driver’s actions 
before a fatal accident, the undertaken 
statistical analysis showed that adult 
pedestrians were more likely to be killed on the 
course of this type of accident when a driver is 
on a reverse manoeuver or doing something 
unexpected. For the rest of the age groups, the 
driver was on a normal pace.  

There is a requirement of detailed accident 
data to support the process of developing 
appropriate countermeasures regarding injury 
prevention of road users. There are still major 
obstacles when building an accurate and 
detailed model of crash injury patterns or 
associated risk factors. Developing statistical 
and conceptual links between existing 
databases from different field areas, such as 
INMLCF and ANSR, can open new 
opportunities for crash injury analysis, aiding 
the development of special accident data sets. 
Thus, more selective databases can often 
provide more useful information [37]. The 
developed database in this present work 
embraces this concept, being a good quality 
linked database that should be further 
developed, improved and completed.  

Injury assessment scales, such as AIS, 
provide anatomical descriptions of injuries and 
also a relative measure of the threat to life. By 
accessing this classification scale, it could 
improve and focus several preventive 
measures and even mitigate injuries to the 
most vulnerable parts of the human body in a 
pedestrian road accidents. Therefore, an 
international agreement should be adopted 
regarding a globalization of injury scales and 
also investigation features. This would improve 
and facilitate the communication between parts 
interested in this issue, allowing international 
comparisons between datasets.  

The AIS tool is much used nowadays within 
several injury risk studies. However, this tool 
could be simplified and should be used in pre-
hospital context, resulting in a more uniformity 
injury classification, facilitating the transition 
between a more accurate injury classification 
and expertise investigations. 

There is also a need to improve the 
knowledge in injury tolerance levels and risk 
injury curves for each body area. This issue 
has even more relevance when referring to 
elderly and younger pedestrians, since these 
pedestrians are at greater risk of suffering a 

fatal injury. This result becomes even more 
important due to the actual demographic 
indicators and their changing predictions.  

Therefore, the main identified priority areas 
comprised: the reinforcement of the monitoring 
in the periods identified as critical, namely, at 
night and during specific time periods like, for 
example, regarding for younger pedestrians at 
the entry and exit school hours; reinforce the 
awareness of male and younger drivers and 
also male pedestrians, in order to improve 
adopted risk behaviors by these road users; 
signalize and point the main areas of major 
accidents, regarding pedestrian road 
accidents, in order to draw attention and raise 
caution among drivers and other road users; 
better maintenance of footpaths, surroundings 
and street lightning; development of alternative 
mobility options and improvement of public 
transport access for older pedestrians; 
development and implementation of event data 
recorder technologies, also designated as 
“black boxes”, should be considered for better 
assessment of driver’s actions at the time of 
the accident.  

As for future proposals, those who were 
identified as major points of interest are 
highlighted on the following proposals: 
inclusion in the database from ANSR of certain 
risk factors that should be analyzed in these 
types of accidents, such as: the number of 
hours of continuous driving and number of 
road infringements committed before the 
accident and, therefore, suggesting a 
reference test group of drivers willing to 
participate on this study; also, traffic conditions 
at the time of the accident should be 
addressed; further development and 
improvement of the created database in this 
work, such as: continuation of data collection 
from INMLCF; improvement of the 
implemented search form; construction of a 
routine enabling to print a report of the search 
results through an activation of a single button; 
finally, making this database available on the 
internet/intranet to effectively be considered an 
alternative report method to be used in 
autopsies; improvement of the option to 
signalize the sustained injuries, such as 
signalizing the body areas with different colors, 
on a scale from 0 to 6 (or even using the AIS 
classification), representing different degrees 
of severities; in-depth velocity analysis and its 
relation to the occurrence of specific injuries 
should be undertaken, by crossing information 
from ANSR and INMLCF databases. Thus, a 
continuation of the already gathered data from 
60 real accident computational reconstructions 
with crossed information from INMLCF (which 
was not referred in this work due to page 
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limitations) should be used to accomplish this 
objective; implement partnerships with the 
Department of Mathematics (DM) of IST for the 
application of advanced statistical methods to 
road accidents data and development of 
improved statistical models in order to 
determine the main risk factors associated with 
accidents in Portugal. 
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