
 

 

Chairperson: Prof. Doutor Pedro Miguel Félix Brogueira 

Supervisor(s): Prof. Doutor João Manuel Pereira Dias 

   Prof. Doutor Jorge Costa Santos 

Member(s) of the Committee:  

     Prof.ª Doutora Maria Cristina de Mendonça 

     Prof. Doutor Luís Alberto Gonçalves de Sousa 

 
 

 

 

 

 

 
 

 
 

 

 

 

 

 
Risk factors for pedestrian injuries in Portugal  

 
 

Pedro Luís Henriques Teixeira 
 

 
Thesis to obtain the Master of Science Degree in 

Biomedical Engineering 
 
 

Examination Committee 
 

 

 

 

       

 

 
December 2012 



 

 



i 

 

Acknowledgments 

 

Agradeço ao Professor João Dias pela sua disponibilidade, pela partilha da sua experiência e 

conhecimento científico que foram fundamentais no decorrer deste trabalho, bem como pelas boas 

conversas e oportunidades disponibilizadas. 

 

Quero também agradecer ao Professor Jorge Costa Santos por ter permitido a realização deste 

trabalho em colaboração com o Instituto Nacional de Medicina Legal e Ciências Forenses (INMLCF), 

mostrando-se sempre disponível a colaborar, disponibilizando um ambiente amigável de trabalho. 

Quero agradecer à Dr.ª Cátia Viana, Dr.ª Ana Cátia e ao Sr. Rui pela ajuda e paciência, pelas longas 

tardes de trabalho e pela simpatia. 

 

Ao Daniel Bernardo, cuja ajuda e disponibilidade foi crucial ao longo deste trabalho. 

 

Aos meus amigos, por esta longa caminhada, pelos momentos divertidos e descontraídos que 

vivemos ao longo destes anos. Nunca vos vou esquecer. 

 

Aos meus pais, porque que sem eles era impossível estar hoje onde estou e ter vivido aquilo que 

vivi. Não me vou esquecer do que foi prometido. 

 

Aos meus pais “adoptivos”, Lurdes e Duarte, pelas experiências vividas, momentos sempre 

divertidos e carinho com que me acolheram. 

 

Por último, mas certamente não menos importante, quero agradecer pelo apoio incondicional, pela 

paciência, por me motivar constantemente e estar sempre do meu lado, por ter partilhado todas as 

minhas dificuldades, por ser o motivo do meu sorriso. Helena, os melhores dias ainda estão para vir. 

 

  



 

 

ii 

 

 

 



iii 

 

Resumo 

 

 Para se conhecerem as circunstâncias, as causas dos atropelamentos e a sua influência nas 

lesões sofridas pelos peões, foram analisados, recorrendo a um modelo de Regressão Logística 

Multinomial, todos os acidentes com vítimas constantes da base de dados da ANSR (Autoridade 

Nacional de Segurança Rodoviária) ocorridos no período de 2010-2011 e dos quais resultaram 216 

vítimas mortais, 975 feridos graves e 10175 feridos leves, num total de 11366 acidentes com vítimas. 

 Foi realizada uma análise de um conjunto de 100 acidentes, ocorridos entre período de 2009-

2011, com base nos dados do INMLCF (Instituto Nacional de Medicina Legal e Ciências Forenses), 

na tentativa de identificar factores influenciadores de determinados tipos de lesões e gravidade das 

mesmas por grupo etário. 

Deste conjunto de análises foram identificados alguns fatores de risco nos atropelamentos, tais 

como a idade e género do condutor, localização do atropelamento, condições de luminosidade e 

idade e género dos peões, apresentando um conjunto de medidas para a redução da sinistralidade, 

destacando a necessidade de campanhas de alerta e políticas focadas em grupos específicos de 

peões. 

 Adicionalmente, foi criado, em Microsoft Access, uma base de dados seguindo o modelo de 

recolha da ANSR e relatório-tipo de uma autópsia do INMLCF.  

  Apresentou-se a reconstituição computacional de um caso real de atropelamento, com o intuito 

de demonstrar a variedade de parâmetros que influenciam este tipo de trabalho de investigação de 

acidentes rodoviários, determinando a influência da dinâmica do acidente nas lesões resultantes dos 

peões e verificando a importância da Biomecânica na simulação computacional.  

 

Palavras-Chave: Peões, Regressão Logística Multinomial, Biomecânica do impacto, Base de dados, 

Reconstituição de acidentes.  
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Abstract 

  

 In order to ascertain the circumstances, the causes of pedestrian accidents and its influence on 

pedestrian injuries, it was 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. 

 

Keywords: Pedestrians, Multinomial Logistic Regression, Impact Biomechanics, Database, Road 

Accident Reconstruction.  
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Definitions of Accidentology in Portugal 1 

 
Accident - Occurrence on the public highway involving at least one vehicle, with the knowledge of 

supervisory bodies (GNR and PSP) and which results victims and / or property damage. 

 

Accident with victims - Accident resulting in at least one victim. 

 

Fatal accident - Accident resulting in at least one dead. 

 

Serious injury accident - Accident resulting in a minimum of one severely injured person, with no 

fatal injuries involved. 

 

Accident with minor injuries - Accident resulting in at least one minor injured person, where there 

have been no fatalities or serious injuries. 

 

Victim - Human being that by accident suffers bodily harm. 

 
Fatal victim (on site) - Victim of accident whose fatality occurs on site or along the way to the clinic. 

 

Fatal victim at 30 days - Victim whose fatality occurs within 30 days after the accident. In accordance 

with the Dispatch no. º 27808/2009 of 31 December, the number of "Fatal injury at 30 Days" takes a 

definitive character within six months after the accident. 

 

Seriously Injured Person - Victim of accident whose injuries requiring a hospital stay exceeding 24 

hours. 

 

Slightly injured Person - Accident victim who is not considered severely injured. 

                                                        
1 Based on CARE (EU road accidents database- Glossary) 
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Driver - Individual who holds the charge of a vehicle or animal on the public highway. 

 

Pedestrian - Individual who travels on the public highway on foot and in locations subject to traffic 

legislation. Yet are considered pedestrians all people leading hand bicycles or two-wheel mopeds or 

prams or disabled persons.  

 
 

Computer Programs (Software)  

 

PC-CRASH Computer program used in the reconstitution of the dynamics of 
accidents. 

SPSS Data statistical analysis program. 
Microsoft Access Database management system application. 
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1 Introduction 

Vulnerable road users are a group of special concern in terms of road safety. This group is 

composed by pedestrian, cyclists and motorcyclist. They are characterized by not being protected by 

the safety cage of a vehicle during a crash event. Instead of other vulnerable road users, pedestrians 

are not on any vehicle, and in a road accident event they should be in direct contact with the vehicle.  

The kinematics of the post-crash is different for pedestrians and other vulnerable road users. 

However, they draw far less attention regarding sustainable prevention road plans. This lack of 

attention is mainly due to the small number of accidents in comparison with other road users, such as 

drivers. Yet, injuries in pedestrians are a costly problem in road safety problems due to their 

seriousness, larger existing distribution in vulnerable road users, such as children and elderly 

pedestrians, and the subsequent financial cost to the community (MAA, 2012). 

The number of road accidents and their severity in the EU (European Union) is declining 

significantly year by year. Portugal is also following this trend, certainly a result of various awareness 

campaigns, through every country, and media coverage of the problem, followed by civic movements 

to diminish road casualties, road improvement, construction of safer vehicles, changes on the road 

legislation and more strict and higher financial penalties, amongst other safety measures. 

Nonetheless, 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. 

In this chapter it is discussed the motivation for studying risk factors involved in pedestrian road 

accidents and its interest for road accident reconstruction. It is also addressed a literature review of 

what is used on road accident reconstructions, as well as the importance of injury analyses for further 

road prevention plans. A brief description of the thesis objectives and organization is also established 

at the end of the chapter. 

1.1 Motivation 

In the 2009 report on the global status of road safety, the WHO (World Health Organization) 

notes that injuries resulting from road accidents are a public health problem and an obstacle for 

development across the vast majority of countries. It is expected that by 2030, if no immediate action 

is taken, road accidents will represent the fifth leading cause of fatalities worldwide, resulting in 

approximately 2.4 million fatalities per year (WHO, 2009). 

Still, regarding an international reality, the interpretation of the data provided by IRTAD (OECD / 

ITF, 2011 and 2012), indicates a general trend of decline in the number of fatalities that have occurred 

since 1970, verifying the highest average annual reduction for this indicator between 2000 and 2010. 
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In 2010, several countries such as the USA (United States of America) have reached the lowest 

numbers of fatalities within the last 50 years. This development is certainly associated with favorable 

contribution of road safety measures that have been implemented, but also the influence of the 

economic downturn seen in the middle of the last decade, reflecting the reduction of road traffic. 

The progress, achieved in the past decade, regarding road safety is not yet extended to all road 

users, since most of the fatalities occur among those that are considered vulnerable road users, i.e., 

pedestrians and passenger car drivers (WHO, 2009), being associated a high risk of dying in a road 

accidents given its high exposure which also translates the consequent ease of suffering severe and 

disabling injuries, for drivers and passengers of motor vehicles. The situation is paradigmatic in 

Portugal. In the 70's, there was an average annual increase of 4.9% in the number of fatalities in road 

accidents. Within the period 2000-2009, Portugal achieved the greatest overall reduction in fatalities 

(55% reduction) among all countries surveyed by IRTAD. 

Using the database CARE (CARE, 2011) for a more rigorous assessment of the evolution of 

Portugal between European counterparts and the demographic data from Eurostat (Eurostat, 2011), it 

is presented in Figure 1.1 the number of pedestrian fatalities per million inhabitants between 2001 and 

2011 for the EU-15 (without Luxembourg).  

 

Figure 1.1 – Pedestrian fatalities per million inhabitants (2001-2011) in the EU-15 (without Luxembourg). 
 

As can be observed in Figure 1.1, the number of fatalities per million inhabitants in countries like 

France and Netherlands, with better conditions for pedestrians (Parker, A.A., 2001), despite some 

decrease over the years, they have presented some constancy of low values in pedestrian road fatal 

accidents. Luxembourg and other countries were excluded due to reduced values of population and/or 

fatalities that result in very pronounced oscillations for small variations in the number of fatalities; the 
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same to Poland and Romania, but due to high values. Portugal, on the other hand, between 2005 and 

2009, managed to reduce its values getting closer to other countries. In the number of inhabitants for 

Portugal, it was not accounted populations from Madeira and Açores since data regarding pedestrian 

fatalities from these regions was missing in most of the years.  Still, Portugal remains one of the 

countries with the highest number of fatalities per million inhabitants and, in recent years, between 

2009 and 2011, these numbers increased for Portugal. Data from the other countries here presented 

for the recent years was still not available to public access. 

Despite the reduction in the EU pedestrian fatalities, it is also important to include a global 

vision where it is compared the number of pedestrian fatalities and this number in proportion to all 

road fatalities. Using the database CARE (CARE, 2011), the number of pedestrian fatalities decreased 

for the time period from 2000 and 2009. However, its proportion regarding all road fatalities (which 

includes other road users) has increased, as can be verified in Figure 1.2. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.2 – Number of pedestrian fatalities and proportion of total fatalities in EU-19 (2000-2009). 

 

Only in 2011 there were 32,541 traffic accidents in Portugal with victims (8,2% less than in 

2010), of which 891 were fatalities, which corresponds to a decrease of approximately 5% over 2010 

(937 fatalities). About 78% of these fatalities correspond to drivers and passengers, which leaves 22% 

to pedestrians (ANSR, 2011). Nonetheless, when analyzing in more detail the victims by vehicle 

category, pedestrians stand out as the type of transport medium that has the highest ratio of fatalities 

per 100 accident victims, as can be observed in Figure 1.3, surpassing even the passenger cars, 

although the number of pedestrians in circulation is significantly lower. 

 
 

Figure 1.3 – Fatalities per 100 victims by traffic unit in Portugal (source: ANSR, 2011). 
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It can be conclude, therefore, that the mortality in accidents regarding pedestrians is a problem 

in most analyzed countries, but in Portugal (disregarding pedestrians who suffered severe injuries), 

being a pedestrian reveals to be dangerous, being a priority the development and the adoption of new 

and more specific road measures for this vulnerable group, trying to approach other countries’ values 

from the EU with best results. 

It is important to take into account that not all pedestrians are equal, starting by their age for 

example. There are certain pedestrians that are more susceptible to pedestrian road accidents than 

other, specially when considering age differences. Figure 1.4 and Figure 1.5 are reporting these facts, 

using as data sources the CARE (CARE, 2011) and ANSR databases (ANSR, 2011), respectively. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4 – Fatalities by age group in Portugal 

 

Figure 1.5 – Fatalities ratio between 2011 and 2010 by age group in Portugal 
 
 

From Figure 1.4 , it can be observe that there is some uniformity of values for fatalities in most 
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Also, there is an increase of fatalities within the last two years (2009 and 2010), especially for the 

elderly and young adult groups. Regarding 2010 and 2011 data, the variation between these two 

years relatively to pedestrian fatalities and serious injuries, it can be verified in Figure 1.5 an increase 

especially for elderly pedestrians who were seriously injured. So, the age factor as to be considered a 

very important risk factor for differentiating and targeting specific age groups when developing road 

safety measures.  
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According to MAA (2012), in Sidney, 10% of the pedestrians involved in road accidents present 

a complaint (from the total of the various types of road accidents), but these 10%, represent 20% of 

the costs for compensations involved in road accidents, and the average cost per claim made by a 

pedestrian is twice the cost per complaint by drivers and passengers. Regarding compensations to 

pedestrians when there is a brain injury, a very frequent type of injury resultant from a pedestrian road 

accident, compensations become six times higher. It is a reality that carries huge costs, where 

accordingly to Donário and Santos (2012), the estimate for economic and social costs of road 

accidents in Portugal between 1996 and 2010 was about 37 549 million euros, with an average annual 

value of this cost at about 2503.3 million euros, for which the accidents with fatalities accounted for 

about 35%. In terms of human cost, these are irreparable. These figures are high and alarming since 

victims involved in accidents often exploit the weaknesses and uncertainties regarding this process 

that is complex and full of inherent uncertainties mainly associated with injuries resultant from these 

road accidents that involve pedestrians. 

Nowadays, the scientific community has devoted time to correlate the injury with the accident 

itself, showing good results. Of the various and frequent injuries in pedestrian road accidents, much 

information can be drawn, namely the direction of impact force, form and nature of the object that 

caused the injury, pedestrian’s position within the accident, vehicle speed and others (Burke, M., 

2007). It is know a wide range of values, mainly velocity thresholds, for certain types of injury, as well 

as knowledge of the human body’s biomechanics, very useful for an exclusion of possible scenarios 

for road accidents (Karger, B., et al. (2000); Cuerden, R., et al. (2007)). 

In this context, being vulnerable road users (pedestrians, cyclist and motorcyclists) represented 

by a big share of the total victims from serious and fatal road accidents occurring in Portugal, 

prevention and mitigation of such accidents, as well as the determination of responsibility in a legal 

process, goes through a detailed analysis of the resulting injuries and the correlation with the 

accident’s dynamics. However, in practical terms, drivers sometimes lie for civil and criminal liability 

purposes, as well as witnesses often have difficulties in having a correct perception of the event given 

the limited time that these road accidents occur. Thus, the analysis of resulting injuries is extremely 

important for a correct assessment of the conditions in which the accident occurred (DEM/IST, 2012). 

Through statistical analysis of road accidents, it is possible to determine patterns and identify 

key factors regarding the occurrence and severity of accidents, particularly for pedestrian road 

accidents. A thorough investigation of these accidents using scientific methods and in particular the 

application of computer models allows to increase the knowledge in this particular field, so as to 

assess trends, isolate problems and areas of priority action, this being the basis for the development 

of effective measures to increase the safety of this vulnerable road users, formalizing and 

standardizing investigative procedures with information for later comparison amongst various 

countries. 
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1.2 Literature Review 

An extensive literature exists in the fields of transportation and injury prevention on pedestrians. 

Most studies address specific dimensions of pedestrian collisions and related injuries, ranging from 

risks associated with special populations to the effects of vehicle design/category on injury. This 

literature review classified past research in four areas: 

 

• focusing on the characteristics at an individual level for pedestrians and drivers 

• looking at the effects of the road and neighborhood environment; 

• gathering evidence for existing patterns for the relationship between velocity and certain 

types of injuries, as well as for pedestrian’s age and types of injuries; 

• examining the application of statistical methods and software use regarding road traffic 

accidents. 

 

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 (Campbell, B., et al., 2003; Chang, D., 2008; Zegeer, C., et al., 2005). 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 whose 

behaviours and actions directly contribute to the accident. Regarding the environment, it could be 

defined as everything which 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. 

Being one of the objectives the application of statistical models regarding these road traffic 

accidents, it is essential a deepening of our knowledge on risk factors that correlate to the injury 

severity outcome for pedestrians. It is an exhaustive process but it allows maximizing our models 

robustness, being fundamental for the correct use of data and statistical hypothesis to test. 

1.2.1 Human factors 

Due to a great diversity among pedestrians, two different pedestrians might be affected by the 

same accident in quite different ways where, also, individual characteristics are partly independent. 

In this literature review, it was found that age, gender and state of inebriety were related to the 

severity of injury sustained by pedestrians. Several studies like Rosén and Sander (2009), Eluru et al. 

(2008), Sze et al. (2007), Lee et al. (2005) and Zajac et al. (2003) found that there is a clear relation 

between injury severity and pedestrian’s age, where older pedestrians (more than 65 years old) and 

children were more prone to severe injuries or to die than young adults. Regarding the gender of the 

road users, Martin, J. L., et al., (2011) and NHTSA (2006) suggested a relation to the fact that being a 

male pedestrian is more likely to sustain severe injuries than females. On the other hand, Lee et al. 

(2005) indicated a reverse relation and Stone et al. (2003) suggested no relation between gender and 
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injury severity. For drivers, a gender difference in the risk of serious accidents is appointed by Jenkins 

and Harris (2006) and Lee et al., (2005) due to the higher perceived risk and less likely to practice 

dangerous manoeuvres for female, resulting in less severe accidents than for males. Fuller et al. 

(2008) also found that males typically engage higher velocity driving than females, having more 

fatalities per kilometre travelled. 

Alcohol consumption has been associated with higher injury severity, not only for drivers but 

also for pedestrians. Although drivers have a lower alcohol rate than the critical admissible in majority 

of the accidents, higher rate values tend to relate to more severe injuries on pedestrians (Zajac, S.S., 

et al. 2003 and Kim, J.K., et al. 2007). Driving under alcohol influence is a problem globally recognized 

on road safety, where it influences driver’s ability to control the vehicle, decrease in concentration and 

visual field, increased reaction time, where it creates a false state of euphoria and overvaluation of 

driving capacity (Nilsson, 2004 and U.S. National Institutes of Health, 2007). Pedestrians under 

alcohol influence shown to engage risky road crossing behaviors (Oxley, L., et al. 2006; Wootton, S., 

et al., 2006), having a higher risk of being severely injured (Lee et al. 2005). A high alcohol rate has 

been associated with more complicated treatment and longer stays at hospitals, regarding collisions 

involving pedestrians or bicyclists (Plurad, Demetriades et al. 2006). Also, Bungum et al. (2005) found 

that pedestrians contribute to injury risk through inattention and distraction, being their actions at the 

time of the accident correlated to injury severity outcome. 

The large mass differential between vehicles and pedestrians makes driving velocity and types 

of vehicles involved in collisions obvious determinants of the injury severity outcome (Garder, P., 2004 

and Lee et al. 2005). Fredriksson, R., et al., (2010), Paulozzi (2005) and Roudsari, M., et al. (2005) 

found vehicle design/category to be associated with injury severity on pedestrians, where heavy 

vehicles are more likely to sustains severer injuries than mopeds or motorcycles. Specifically, car body 

stiffness, especially of the bumper, the bonnet and its leading edge, the geometry of the car design, 

particularly the height of the bumper relative to pedestrian stature, and the shape of the car body, are 

important determinants of pedestrian injury risk (Yang, 2002). For several reasons, it is impossible to 

predict solely from the speed of an accident what will be the injury outcome. Fatalities have occurred 

at very low speeds and slightly injuries at much higher speeds. However, it is possible to identify 

boundary speeds, where the proportion of accidents changes from being mainly slightly accidents to 

mainly seriously accidents, and where the proportion changes from mainly survivable accidents to 

mainly fatal accidents (Cuerden, R., et al. 2007).  

In previous publications, it was estimated fatality risks at 30km/h, 50km/h and 70km/h for 

pedestrians struck by passenger cars, as it can be seen in Table 1. Also using GIDAS database, 

Rosen, E., et al. (2009) estimated, during the years 1999-2007, fatality risks regarding the car’s impact 

speed in a frontal collision. It was stated that there is an increase by 10% of the odds of occurring a 

fatality by a simple increase of 5 km/h from 40 to 45 km/h and an increase of 40% of fatality risk by an 

increase of 20 km/h from 60 to 80 km/h. Richards, D., (2010) also predicted injury severity based on 

the car’s impact speed using an U.K database for the 2000-2009 period, where 10%, 25%, 50%, 75% 

and 90% (risk of fatality) corresponded to 53 km/h, 61 km/h, 72 km/h, 82 km/h and 100 km/h (impact 

speed) respectively. 
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Table 1 - Fatality risks per car’s speed found on literature (source: Rosen, E., et al. 2009). 

 Years of data 30 km/h 50 km/h 70 km/h 

Anderson et al. (1997) 1978 8% 85% 100% 

Ashton (1982) 1965-1979 ≈5% ≈45% ≈95% 

Pasanen (1992) 1965-1979 6% 40% 94% 

Yaksich (1964) 1958-1963 ≈22% ≈65% 100% 

Cuerden et al. (2007) 2000-2007 ≈2% ≈12% ≈33% 

Davis (2001) 1965-1979 1% 7% 51% 

Hannawald and Kauer (2004) 1991-2003 4% 14% 39% 

Oh et al. (2008) 2003-2005 7% 34% 77% 

 

It has been demonstrated that pedestrians who are struck by a van, 4WD vehicle, SUV, or light 

truck have a two to three times greater likelihood of dying than if struck by a conventional passenger 

vehicle. The increase in fatality rate is related to the high propensity for significant head and chest 

injury (Lefler, D., et al. 2004). This type of large or heavy vehicles has been implicated in higher rates 

of severe injury and fatalities than conventional cars (Ballesteros, D., et al. 2004), being children under 

eight years old the most vulnerable to their size (Starnes et al. 2003). In comparison with conventional 

cars, buses and motorcycles were 11.85 times and 3.77 times more likely per mile of travel to kill 

children zero to fourteen years old respectively, while buses were 16.70 times more likely to kill older 

adults (at least 85 years old) than cars. Importantly, these figures correspond to the risk of drivers of 

different vehicles killing pedestrians per mile driven, not the risk of pedestrian’s being killed by drivers 

travelling in different types of vehicle (Paulozzi, 2005). The vehicle pre-crash movement (for e.g., 

turning or driving in a straight line) is also important, being related to the severity of pedestrian injury 

(Roudsari, B., et al. 2006). 

Car manufacturer studies also shown that the design of the vehicle exterior can reduce the 

effects of a collision on a pedestrian, reducing the inflected injuries (Holt, 2004). 

1.2.2 Road environment 

Pedestrians who were struck by vehicles on rush hour periods are more likely to sustain severer 

injuries (Chini, F., et al. 2009 and Harmak, C., 2007). For Stone et al (2003), there are a higher 

percentage of fatalities between 21h and 6h. On the other hand, Kim et al. (2007) verified that crashes 

occurring during a.m. peak (6h-10h) and at weekends increase the likelihood of fatality. Also, roadway 

daylight and lighting conditions (natural and artificial illumination) shown to have an effect on 

pedestrian injury severity, where nighttime road crashes were found to be associated with a greater 

injury severity (Majdzadeh, R., K. Khalagi, et al. 2008; Plainis et al. 2006; and Lee, C., et al, 2005). 

Daylight has been shown, relative to dark conditions or no street lighting, to reduce the odds of a 

fatality by 75% at mid-block locations and by 83% at intersections. Street lighting has been shown to 

reduce the same odds by 42 percent at mid-block locations and by 54 percent at intersections 

(Guttenplan, C., et al. 2006). Guttenplan, C., et al (2006) also suggested that roadway (artificial) 
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lighting conditions were more important at intersections than at mid-blocks. Another study realized by 

Al-Ghamdi, A., (2002) observed that the odds of being killed at night are 1.81 times higher than for 

being killed during the day. 

Regarding the weather conditions, which have been known to affect the road surface and the 

driver’s ability to break, have not been shown to affect the risk of injury in DiMaggio et al. 2002 and 

Zajac, S.S., 2003. On the contrary, Lee, C. et al. (2005) and Kim et al. (2007) found that adverse 

weather increase the injury severity propensity. 

Traffic volumes have been correlated with traffic collisions and injury severity, where an outside 

urban area pedestrian road accident contributes to a higher injury severity than inside urban area 

(Zajac, S.S., 2003 and Lee, C. 2005), despite the majority of pedestrian accidents occur inside urban 

area. On the contrary, Noland, R., el al. (2005) found to be inconclusive that traffic congestion might 

increase pedestrian safety but pointed out some evidence that it may mean lower severity of injury to 

pedestrians on roadways since congestion reduces vehicular velocity. 

It was also found that in in the presence of two-way streets with a median it is more likely to 

inflict a more severe injury than in a one-way street (Al-Ghamdi, A., 2002). Another study predicted the 

opposite, when taking into account child pedestrian, where the injury severity rate was found to be 2.5 

times higher for a one-way street than a two-way street (Wazana, R., et al. 2000). Also, it was found in 

Zajac, S.S., (2003) that the width of a street correlates positively to the pedestrian injury severity. 

Injury severity at intersections proved to have a correlation in various studies. In Rothman, L., et 

al. (2012), it was observed that at non-intersection locations there was a greater chance of sustaining 

severer injuries. This fact is also supported by Kim, K., et al. (2008), were it states that the majority of 

pedestrian road accidents occur at non-crosswalk locations. DiMaggio et al. (2002) found that 

adolescents are more likely to be struck at intersections and at night and, on the other hand, young 

children are more likely to be struck mid-block and during daylight hours. Several studies have tried to 

correlate signalization at intersections and its impact on injury severity, like Abdel-Aty et al. (2005). 

This study explored the relation between a vehicle turning left and injury severity of pedestrians, where 

it observed a positive influence between this factors in injury outcome. Also, the probability of dying 

when a pedestrian was crossing at mid-block locations was higher than crossing at intersections for 

any light condition (Guttenplan et al. 2006). The same study tried to correlate speed limits on injury 

severity but the results were inconclusive. 

Road marks, lane demarcation, sidewalks, crosswalks and beacon devices impacts on injury 

severity were also studied. Wootton, S., et al. (2006) found that there were no sidewalks in 57% of the 

353 fatal pedestrian accidents involving a pedestrian walking along the roadway. Others like Zegeer, 

Steward et al. (2002), Leden, G., et al. (2006) and Donroe, J., et al. (2008) identified the absence of 

lane demarcation as serious risk factors for pedestrian crashes. On the other hand, Zegeer, S. et al. 

(2002) found that, at intersections of two-lane roads, the fact that crosswalks were marked or 

unmarked did not influence or related to the injury severity. However, fatal pedestrian collisions were 

found to be more likely to occur at marked than unmarked crosswalks on multi-lane roads. Red signal 

or beacon devices were also found to be effective on the safety of pedestrians crossing high traffic 

volume and high-speed roads (Turner, P., et al. 2006). 
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Regarding the neighborhood environment, it was observed that some studies took into account 

its influence on injury severity. Lee and Abdel-Aty (2005) found that rural areas were more likely to 

result in severe pedestrian crashes. This observation was also supported by Campbell et al. (2004), 

where the authors stated that the severity of pedestrian injury were found to be higher outside urban 

areas, that is, 25% of fatal pedestrian crashes occurred in rural areas. Crashes occurring in downtown 

and compact residential areas were found to result in lower injury severity compared to the crashes in 

low-density residential areas. Also, crashes occurring in low and medium density commercial areas 

result in less severe injuries compares to the crashes occurring in village and downtowns fringe areas 

(Zajac, S.S., 2003). Graham, D., et al. 2003 found that, in the U.K, the incidence of pedestrian 

casualties and serious injuries were higher in residential than in areas dominated by commercial 

purposes, demonstrating a quadratic relationship between urban density and pedestrian accidents, 

where incident diminished for the most extremely dense neighborhoods or districts. When 

investigating links between deprivation and injury risk, Hewson, P., (2004) found that child pedestrian 

injury rates were three times higher in poor than in wealthier neighborhoods. 

1.2.3 Existing patterns between age, velocity and specific injuries 

There are certain body parts that have a higher risk of injury when a pedestrian is struck by a 

vehicle. Cuerden, R., et al. (2007) observed that the body parts with higher risk of injury, taking into 

account frequency × severity, are the head, followed by the lower extremities, the thorax and the 

pelvis. For non-fatal injuries, the authors also stated that lower extremities have been seen as the 

most frequently injured. These injuries tended to be to the knee ligaments for impact speeds around 

20-30 km/h and to be fractures around 40 km/h. Another study also observed that the head (including 

face), torso (including thorax, abdomen, and spine), and lower extremity (including pelvis) are the 

most frequently injured body regions for pedestrians, being the head the most commonly injured body 

region in fatal pedestrian collisions while lower extremity injuries often result in long term disability 

(Longhitano et al., 2005). Also, this study revealed that the likelihood of sustaining serious thorax 

injury is greater when colliding with light trucks or vans than conventional passenger cars, being this 

body part the second most commonly injured in pedestrian to light truck or van crashes.  

The existence of a pattern between the age of pedestrians and certain types of injuries was also 

found on literature. Despite each pedestrian is a unique person and, in the occurrence of an accident, 

many factors contribute and influence the outcome of pedestrian’s sustained injuries, Siram, S., et al. 

(2011) found that elderly patients (from a total of 79,307 case studies) had higher rates of fractures 

and intracranial injuries with an extremely worse mortality after pedestrian trauma (about six to eight 

times more likely to die). Also in this study, the authors observed that the very elderly (75-84 and 85-

89) had higher rates of fractures of the pelvis (16.2% and 16.8% versus 8.1% in the youngest group), 

upper extremities (19.3% and 18.4% versus 9.8%), lower extremities (31.1% and 31.9% versus 

22.5%) and intracranial injuries (25.5% and 28.7% versus 22.4%), but sustained lower rates of hepatic 

(2.3% and 1.7% versus 3.0%) injuries. Another study, Zhang, G., et al. (2008), found that torso injuries 

were 23.8 times greater for elderly (≥ 65 years old) as compared to young adults. Also, lower 
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extremity injuries were found to be 2.44 times greater for elderly as compared to young adults. 

Demetriades, D., et al. (2004) observed that the incidence of severe head and chest trauma increase 

with the age; tibia fractures were significantly more frequent in adults; femur fractures were 

significantly more common in the pediatric group (infants, children, and adolescents). Also, the 

incidence of solid organ and hollow viscous injuries were similar in all age groups and spinal injuries 

increased significantly with age and ranged from 0,4% in the pediatric group to 8,5% in the elderly 

group. 

The relation between vehicle velocity and injury severity in the case of a pedestrian accident is 

well illustrated on the literature (e.g. Aarts and van Schagen, 2006; Fuller et al., 2008 and Broughton 

et al., 2009). Spinal fractures, ruptures of the thoracic aorta, inguinal skin ruptures and 

dismemberment of the body revealed a clear relationship to impact velocity (Karger, B., et al. 2000). 

The authors also stated that there is no spinal fracture if the velocity was below 70 km/h and probably 

below 50 km/h; aortic inguinal skin ruptures occur always if the velocity is above 100 km/h but never 

below 50-60 km/h; dismemberment occurs if the velocity was above 90 km/h. Although they reached 

these conclusions, and for any study of this kind, a more detailed analysis is important specially the 

influence of additional important parameters such as age, weight and pre-existing diseases (e.g., 

osteoporosis, spine degeneration, arteriosclerosis). Anatomic trauma scoring systems are 

fundamental to trauma research. The AIS (Abbreviated Injury Scale) and its derivatives, ISS (Injury 

Severity Score) and NISS (New Injury Severity Score), are the most frequently used scales on 

literature (Rautji, R., et al. 2006). Cuerden, R., et al. (2007) observed that above 48 km/h all leg 

injuries caused by the front bumper are at least of severity AIS 2. A similar effect was seen between 

impact speed and head injury, where non-minor head injuries occur at great speeds than minor (AIS 

1) head injuries. For the 50th percentile male, it is about 43 km/h for AIS 2+ injuries, compared to about 

34 km/h for minor head injuries.  

 

 

 

 

 

 

 

 

 

 

 
Figure 1.6 – Relationship between the Impact velocity (km/h) and AIS value (source: Toganel G., et al 

2007). 
 
 

Toganel, G., et al (2007) observed a correlation between injury classification with AIS tools and 

impact velocity. His finding are presented in Figure 1.6 . 
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1.2.4 Statistical methods 

The application of a specialized statistical method in the analysis of contributing factors that 

influence a particular phenomenon is recurring in economic, social and biomedical sciences, among 

others, also verifying that in various international works it is performed similar analyses regarding road 

traffic accidents. Regarding the work previously carried out in Portugal, the conducted research has 

not known many etiologic investigations on accidents with pedestrians and their accident risk or 

severity of injury with a special focus in specific body parts injuries. It was found only two previous 

investigations that were conducted along the lines above described. Simão, (2010) focused on the 

analysis of road accident indicators, using multiple linear regression model, assessing the 

effectiveness of road safety policies in Portugal between 1987 and 2007. Also, Bernardo (2012) 

conducted an investigation regarding the main factors influencing the PTW (Powered Two Wheeler) 

rider injury, using ordinal regression to a sample of PTW riders injured in accidents occurred between 

2007 and 2010 from the ANSR’s (National Road Safety Authority) injured PTW riders database. 

Although the objectives of these last two referred studies were different from the one here in this 

thesis, both proved to be extremely useful and essential for the detailed description of multinomial and 

ordinal regression models. 

In most international studies that address road accident issues, it was applied statistical 

techniques that allow increasing the level of certainty in the process of identifying the mains causes of 

the occurred accidents and injuries regarding pedestrian accidents. The main references for the 

realization of this work, due to the similarities in terms of origin and format of the databases of road 

accidents to analyse, applied statistical methods and research objectives, are the works executed by 

Mohamed, M., et al. (2011), Damsere-Derry, J., et al. (2010) and Tefft, B. C. (2012). Mohamed, M., et 

al. (2011) studied the relationship between pedestrian injury severity outcomes and factors leading to 

more severe injuries regarding two databases. The author used segmentation techniques and 

multinomial logistic regression to better understand the complex relationship between injury severity 

outcomes and contributing factors, finding that pedestrian age, location at intersection, actions prior to 

accident, driver age, vehicle type, vehicle movement, driver alcohol involvement and lighting 

conditions have an influence on the likelihood of a fatal crash. Moreover, several features within the 

built environment are shown to have an effect. Damsere-Derry, J., et al. (2010) used multinomial 

logistic regression trying to establish associations between pedestrian injury and explanatory variables 

such as vehicular characteristics, temporal trends and road environment. The study reported that the 

risk factors associated with pedestrian fatality include being hit by heavy vehicles, speeding, and 

roadside activities such as street hawking, jaywalking and nighttime walking. Tefft, B. C. (2012) 

studied the impact speed and pedestrian’s risk of severe injury or fatal injury, using the logistic 

regression and a database from U.S.A in years 2007-2009. As results, the author showed that the 

average risk of a struck pedestrian sustaining an injury of AIS 4 or greater severity reaches 10% at an 

impact speed of 27.5km/h, 25% at 40.1km/h, 50% at 53.1km/h, 75% at 65.7km/h, and 90% at 

77.4km/h. The average risk of fatality reaches 10% at an impact speed of 38.8km/h, 25% at 52.3km/h, 

50% at 65.3km/h, 75% at 77.2km/h, and 90% at 87.9km/h. Also, the author concluded that risks varied 
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by age where the average risk of fatal injuries for a 70-year-old pedestrian struck at any given speed 

was similar to the average risk of fatal injuries for a 30-year-old pedestrian struck at a speed 19km/h 

faster. 

1.2.5 Software importance in road accident analyses 

Despite the importance of statistical analysis, where it can be determined patterns and identify 

key factors in the occurrence of a pedestrian crash, statistical models are inherently static and, thus, 

unable to reproduce the chain of events that caused an accident (Archer, J. 2005). When determining 

these chains of events, the most important parameter, and the one that usually interests the most, is 

the vehicle’s pre-impact velocity. This can be calculated from the collision point and car end-position 

together with marks indicating braking and trajectories between those points. Additionally, the mass 

ratio between pedestrian and car can be used to calculate the vehicle's change of velocity during 

collision. Another approach makes use of the pedestrian throw distance to calculate the impact speed 

of the car. It is then necessary to account for the car front-end structure and the velocity of the 

pedestrian (Rosen, E., et al. 2009). In accidents where all the above mentioned is known, multi body 

computer simulations can be conducted using, for example, the PC Crash software. 

PC-Crash is nowadays being usually used when reconstructing accidents, as well as other 

software of this kind (Datentechnick, S. 2005). The software is based on linear momentum 

conservation laws and angular momentum applied to the collision between bodies, studying collisions 

between vehicles and / or between vehicles and pedestrians, like the ones presented in Alves, T. 

(2005). In this last case, it is usual to use other programs such as MADYMO2, which uses multiple 

body systems and / or programs such as LS-Dyna, where finite elements is used to draw conclusions 

on the program like the ones presented in Freitas, A. (2006). 

1.3 Objectives and thesis outline 

The main objective of this thesis was to develop a thorough investigation of accidents regarding 

pedestrian road accidents in Portugal since this is a current issue. It is intended to identify, using a 

statistical analysis on collected data from ANSR, the importance of statistical methods, which enables 

to correlate the potential risk factors and measure their association. In particular, by applying the 

Multinomial regression method and using the statistical analysis software SPSS, it is intend to quantify 

the problem of serious accidents by identifying potential associated risk factors. In a second phase, an 

in-depth analysis on this issue is approached, by undertaking a more specific analysis regarding the 

age of pedestrians and their fatality risk. In this analysis, it is wanted to access the main types of 

injuries and their location on the human body, regarding age differences of these injuries likewise, 

using statistical methods and collected data from INMLCF. In addition, a new way to implement and 

store gathered data from autopsy expertise must be addressed. Furthermore, in a third phase, using 
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computational models which are integrated into the PC-Crash software, we intend to undertake an in-

depth investigation involving real pedestrian accidents to access and characterize the severity of the 

resulting injuries. 

In terms of the outline, this thesis is organized as follows: 

 

 Chapter 2 - Injury risk factors within pedestrian road accidents 

Framed the problem of pedestrian road accidents in the previous literature review presented 

here in this chapter, it was proceeded a first approach in the application of multinomial logistic 

regression using the statistical analysis software SPSS and collected data from ANSR comprising the 

year 2010 and 2011, to identify risk factors that influence the severity of injuries suffered by 

pedestrians in these accidents. 

 

 Chapter 3 - Injury risk factors within different pedestrian age groups  

In this chapter, it was presented an overview of the nature of road trauma involving older 

pedestrians, as well as contributing factors to their crash and injury risk. A general introduction to 

injury / impact biomechanics was also addressed. Also, behavioral factors, health and current 

knowledge of several limitations inherent to older pedestrians were discussed. Secondly, risk factors 

that affect pedestrians at environmental, road and individual level, divided by several age groups, 

were considered for a statistical analysis like the one in Chapter 2 but this time, the injury severity was 

assed in a different way than it was in the previous chapter, i.e., not based on police officers 

observations. 

 Chapter 4 – Database development as an alternative autopsy report procedure 

This chapter consisted on the creation of a database based on pre-existing models. Theoretical 

formulation of databases and some technical aspects are presented. Also, explanation of the 

operation of this developed database was addressed. 

 

 Chapter 5 – In-depth investigation in pedestrian road accidents 

This chapter explains the applied methodology in the investigation and reconstruction of a 

pedestrian road accident, using the program PC-Crash, and its main results were discussed, as well 

as one example of application of these procedures. 

 

 Chapter 6 – Conclusions and future work 

In this chapter it was presented a set of measures identified as priorities, conclusions and 

suggestions on important aspects realized throughout this work, as well as limitations or opportunities 

that can be addressed in future studies.  
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2 Statistical analysis of injury risk factors within pedestrian road 
accidents 

When dealing with injury risk factors regarding road accidents and particularly involving 

pedestrians, an analysis of this phenomenon with significant proportions in statistical terms by a mere 

descriptive statistics is insufficient since it does not consider the existence of a possible correlation 

between variables in analysis. Therefore, the type of analysis that was undertaken in this chapter is 

very useful for treatment and exploitation of general data for a particular population, allowing the 

identification of patterns and frequencies, and also give an idea about a possible association between 

variables but do not reveal the causal relationship between them.  

Based on a simple descriptive statistical analysis already referred on the previous chapter and 

the literature review on the topic in study developing a universal knowledge of the main risk factors 

associated with pedestrian road accidents, with special emphasis on research purposes and statistical 

methods identical to the one here addressed, the objective is now to identify the risk factors that 

influence the severity of injuries suffered by pedestrians in pedestrian road accidents in Portugal.  

In this chapter, it was applied the Multinomial Logistic Regression Model to increase confidence 

level in the process of identifying possible associations between accidents and injuries, using SPSS 

software version 19 for such statistical data analysis. 

2.1 Data sources 

The data regarding road casualties 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.) 

(ANSR, 2010 and ANSR, 2011). 

In the ANSR database, there is detailed information of pedestrian road accidents in Portugal 

that ended in pedestrian and/or driver injury or fatality, being these accidents discriminated by 

casualties corresponding each one to one entry in the database. Other important parameters recorded 

are as follows: date and time of the accident; vehicle category (light vehicle, heavy vehicle, industrial 

vehicle, motorcycle with a cylinder capacity not exceeding 50!"!or with a cylinder capacity exceeding 

50!"!, agricultural vehicle, vehicle on rails, velocipede with or without engine and mopeds); 

geographic information (district, county, parish); location (inside or outside urban area); accident 

location (sidewalk, parking lot, reserved road or plain track); the nature of the accident (pedestrian 

road accidents with driver’s escape and with no escape); weather and light conditions; type of route; 

type of intersection on the road; condition and grip conditions of the track; road signaling; 
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demographics (age and sex of the victims); injury severity (slightly injury, seriously injured or fatal 

injury); year of driving license; driver’s and pedestrian’s actions before the accident; and blood alcohol 

rate (for pedestrians and drivers). Each accident is also associated with an identifying code. 

 Between 2010 and 2011, there were 11366 pedestrian road accidents with victims. During the 

first phase of preparation of the database, each entry’s quality was verified, more specifically the 

consistency of the parameters during this time period in analysis. It was necessary to organize the 

data at first, since information from drivers and pedestrians were separated in different tables resulting 

in some mismatch between information regarding these two datasets. Therefore, it led to an 

elimination of 103 entries. Since pedestrian road accidents sometimes end up having more than one 

vehicle involved, another 107 entries were eliminated as well because it was only considered 

information regarding to the first impact vehicle. At a second phase, more 2583 casualties were 

deleted from the database since there were one or more parameters with missing values or classified 

as undefined in these entries (with one exception, as we will explain later). Throughout the work, it will 

be clear why this decision was made supported by some articles like Keng (2005), Lardelli-Claret et al. 

(2009) and Albalate and Fernández-Villadangos (2010). Thus, the final number of casualties in the 

statistic model was different from the total number of observations in the database. So, the sample 

used to estimate the risk factors regarding pedestrian’s injury severity consists of 8573 cases, where 

177 correspond to fatalities, 761 to seriously injured pedestrians and 7635 to slightly injured 

pedestrians. 

2.2 Methodology 

The purpose of this statistical analysis was to determine, amongst pedestrians who were 

involved in a road accident and suffered injuries, which were the main factors that influence the 

severity of those injuries. Defining precisely the aim of the work, which is intended to test hypotheses, 

the control variables and their measurement scales, foundations were established to select the 

appropriate statistical tests for the desired analysis. 

2.2.1 Variables 

To accomplish the objective of the statistical analysis, injury severity was defined as the 

dependent variable and, more specifically, as a nominal variable, which has three different categories 

with increasing levels of injury severity: slightly injured, seriously injured or fatal injured.  

The independent variables, covariates or factors as they are named in Statistics, are the 

variables that we think are the causes and probably crucial determinants in the injury severity from 

pedestrians who were involved in road accidents. These variables/predictors were selected based on 

the database provided by ANSR, on the literature review and also on the critical situations identified in 

the statistical analysis performed earlier. Regarding the independent variables, it was considered 33 

variables with respect to different factors that influence our dependent variable such as: 
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demographical, behavioral, natural environmental, road environmental, vehicle design/category and 

also geographical factors. 

Regarding demographic factors, in order to analyze the influence of pedestrian age on the injury 

severity outcome, this continuous variable was converted to a nominal variable, grouping the age of 

each victim in a set of intervals: the group comprising teenagers (age up to 14 years old), young 

people/ young adults/ adults (age from 15 to 39 years old), middle age (age from 40 to 64 years old) 

and elderly (age greater than 65 years old), being this last group the reference category. Gender of 

the pedestrian has been considered as well as a potential risk factor in injury severity. Likewise, 

driver’s age and gender were considered as predictors. Regarding driver’s age predictor, it was 

grouped in a different way when compared to pedestrians spaced by 10 year intervals: Less than or 

equal to 19 years old; 20-29 years old; 30-39 years old (reference); 40-49 years old; 50-59 years old; 

60-69 years old; Greater than or equal to 70 years old. This division was accordingly to previous 

studies like TSD-Toronto (2007). 

Injury severity is also predicted by independent variables related to behavioral aspects like 

pedestrian and driver’s pre-actions at the time of the accident. As for natural environmental variables, 

it was accounted the illumination and time of day (hours), where this last predictor was grouped into 

categories as: 2 rush hours categories (16h until 18h59 and 7h until 9h59), evening (10h until 15h59), 

night (19h until 00h59) and dawn (1h00 until 6h59). This time division was made taking into 

consideration previous studies like Mohamed, M., et al. (2011) and Sze and Wong (2007). Also, 

weather characteristics were accounted as an independent variable. Road environmental factors were 

considered likewise, such the existence of intersections, road marks, two-way or one-way street 

variable, surface characteristics, gradient, berm features and obstacles on the path and grip 

conditions.  

An evaluation of the influence of alcohol consume on the injury severity outcome was also 

conducted. Regarding this alcohol consume variable, it was verified that the previous strategy 

described consisting on the elimination of several entries with at least one missing value or undefined 

status was not feasible. For the missing or undefined data at this variable, it was found that this 

absence of data has to be considered as an important fact and should not be eliminated since natural 

fatalities occur and sometimes drivers escape after a pedestrian road accidents. And, given the 

statistical weight of these cases, the elimination would make it impractical to carry out relevant 

analysis. So, we defined additional categories for those situations where the driver was not tested for 

alcohol by injury or fatal injury or even when the blood alcohol rate was not measured for other 

reasons, such as illness, refusal or driver’s escape after accident. 

To predict vehicle’s design/category influence, this was also considered as an independent 

variable including 5 categories: passenger vehicle; heavy vehicle; motorcycle with a cylinder capacity 

not exceeding 50!"!or with a cylinder capacity exceeding 50!"! or mopeds; others (agricultural 

vehicle, vehicle on rails and industrial vehicle) and velocipede with or without engine. 

Amongst geographical factors considered, districts and location (inside or outside urban area) 

where the accident had occurred were accounted as independent variables, being Lisbon and inside 

urban area categories considered as reference categories. 
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A complete description and frequency distribution of all independent variables considered in the 

statistical model is presented in Table I.1 in Appendix I. 

2.2.2 Statistical Model 

The selection method of the proper statistical tool depends on the hypotheses to test and the 

nature of our data that is intended to analyze. In this current investigation, the goal was to determine 

the influence of the previously described predictors on the injury severity (our dependent variable) of 

pedestrians who were involved in pedestrian road accidents. That is, the objective was to ascertain a 

relation between our variables, which at the beginning were continuous or transformed to nominal 

variables to guarantee the uniformity of the statistical model. Taking in consideration these presented 

conditions, we verified that the logistic regression was the appropriate statistical technic to apply to our 

database. And, taking into consideration our dependent variable’s nature (ordinal), it was firstly 

considered the use of the ordinal logistic regression model, which corresponds to a modified binary 

logistic regression model that incorporates the ordinal nature of the variable and, instead of 

determining the probability of occurring a certain isolated event, it estimates the probability or 

occurrence of this event and all events ordered before (cumulative probability). If the response is 

ordinal, we do not necessarily have to take ordering into account, but it often helps if we do since 

natural ordering can lead to a simpler, more parsimonious model and increase power to detect 

relationships with other variables (Garson, G., 2006). As it will be explained later, our ordinal logistic 

regression model was not assuring the validity of the model. Therefore, the statistical model used in 

this work was the multinomial logistic regression model. This model has some other advantages when 

compared to ordinal regression, such as the ability to conduct a stepwise multinomial regression for all 

main and interaction effects. Also, from a mathematical point of view, it’s extremely flexible and easy 

to be used allowing a very complete and direct interpretation of results. 

Multinomial logistic regression is used to predict categorical placement or the probability of 

category membership on a dependent variable based on multiple independent variables. The 

independent variables can be either dichotomous (binary) or continuous (interval or ratio in scale). In 

the process of choosing or defining any category, we have to guarantee that it is independent from the 

other categories, i.e., one category is not related to the choice or membership of another category. 

Beyond that, it also assumes non-perfect separation between groups of the outcome variable and 

predictors. If this assumption fails, unrealistic coefficients will be estimated and effect sizes will be 

greatly exaggerated (Starkweather, J. & Morke, A., 2011). This model is a simple extension of binary 

logistic regression, as well as for the ordinal regression model as we already referred, allowing for 

more than two categories in the dependent variable. Also, like binary logistic regression, multinomial 

logistic regression uses maximum likelihood estimation to evaluate the probability of categorical 

membership, trying to find estimates of parameters that make the data actually observed as “most 

likely”. This regression does necessitate careful consideration of the sample size and examination for 

outlying cases, and, particularly, multicollinearity should be evaluated. Multicollinearity is not 

uncommon when having a large set o data, specifically, of covariates that are highly correlated. This 
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(2.1)  

(2.2)  

(2.3)  

leads to inflate standard errors of the coefficients, causing unstable estimates and inaccurate 

variances, which affects our confidence intervals and hypothesis tests (Shen, J., et al., 2008). Also, 

sample size guidelines indicate a minimum of 10 cases per independent variable for multinomial 

logistic regression (Schwab, 2002). 

The model representing a relationship between the dependent and independent variables is 

defined by ! − 1 equations, in a way that the probability of occurrence of one category ! ≠ ! will be 

calculated in relation to the reference category !. The model is specified as it follows (Powers & Xie, 

2000), 

 

ln ! !!!! !!)
! !!!! !!

= ln
!!"|!!
!!"|!!

= !!!!! =   !!"                       ∀! = 1,… , ! − 1  

 

being  !!!!! = !!"!
!!! !!" , with !!! = 1, being !! and !! vectors with (! + 1) dimension and !!" 

represents the linear predictor, a function of the independent variables, associated to each ! ≠ ! 

categories of the dependent variable. According to the above equations, for a model with ! predictors 

and ! categories, there is ! + 1 × ! − 1  estimated parameters. The estimation process of these 

parameters based on logistic regression is accomplished by using the maximum likelihood function 

(Powers & Xie, 2000), obtaining !! ,∀!, estimates that maximize the likelihood function. Starting values 

of the estimated parameters are used and the likelihood that the sample came from a population with 

those parameters is computed. The values of the estimated parameters are adjusted iteratively until 

the maximum likelihood value for the estimated parameters is obtained (O’Halloran, S., 2005). 

After specifying our model with the previous equation, it can be defined the probability of 

occurrence of the event of interest by (Powers & Xie, 2000) 
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In order to analyze the multinomial logistic regression model, after adjusting the model and 

calculating probabilities of interest, it is calculated and analyzed the odds and odds ratios (OR) 

(Powers & Xie, 2000).  The odds refer to the ratio between the probabilities of occurrence of a 

category ! and reference category !. The relationship amongst the logarithm of the odds in favor of the 

occurrence of a certain category ! and the model’s independent variables is given by a linear function 

that, after a exponential transformation looks like (Powers & Xie, 2000) 

 

!!" =
!!"
!!"

= exp !!!!!                     ∀! = 1,… , ! − 1 

 

Since the odd is obtained by the ratio between the occurrence probabilities of the categories, its 

values are always positive. When the odd is greater than 1, it can be concluded that the occurrence 

probability is bigger to the event in numerator. Otherwise, it is more likely to occur category !. Like 
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(2.4)  

Power & Xie (2000) referred, with the other variables maintained constant, a positive coefficient from 

an explanatory variable !!! means to increase the odds in favor of category ! relative to the 

base/reference category !. If the coefficient is negative, it expresses an inverse relation of the above. 

To compare the odds of occurring the category ! in two different levels of an explanatory 

categorical variable !!, we use the odds ratio given by (Powers & Xie, 2000) 

  

! =
!!
!∗

!!
!∗∗ =

!!"
!!"

  
!!
∗

!!"
!!"

  !!∗∗
= !"# !!

!∗ − !!
!∗∗  

  

being  
!!"
!!"

  !!∗  the odd value in favor to the occurrence of category ! when the variable is defined at !!∗ 

level and !!!∗  is the parameter associated with the level !∗  of the category !! of the explanatory 

variable. The same is valid for the !∗∗ level of the explanatory variable. When ! is positive, greater is 

the odd in favor to the occurrence of category !, compared to the reference category ! for an individual 

with !!∗ characteristic in relation to an individual with !!∗∗ characteristic. So generally speaking, odds 

ratio compares if the occurrence probability of a certain event is the same for two different groups of 

an explanatory variable. This association between factors and dependent variable measured by odds 

ratio is only valid if the estimated regression coefficient is significant, being considered and performed 

in this analysis the usual confidence interval (CI) of 95% and also the associated critical p-value 

(p=0.05) in all stages in the process of obtaining the final model, in particular, as an exclusion criterion 

(p> 0.05) of the independent variables in the final model. The CI is the range of values where probably 

the values of the populations are found, and 95% means that there is only a 5% chance of occurring 

by chance an event, which makes a given relationship or conclusion more acceptable with a high 

degree of safety, making it possible to say that it is statistical significant. The critical p-value or 

significance level corresponds to the minimum amount of evidence required to accept that this relation 

is unlikely to have occurred by chance. Therefore, a significant association does not prove that the 

independent variable has a causal effect on the dependent variable, merely indicating that the 

variation in the outcome of the dependent variable can be explained by the considered factor (Norusis, 

2004). 

2.3 Results 

As previously mentioned, at the beginning, it was chosen the Ordinal logistic regression (OLR) 

as the method to correlate our variables in study. In an OLR, one of the most important things to 

choose from the beginning is the right link function. The link function specifies which is the 

transformation to apply at the dependent variable. So, its correct choice is of greatest importance 

when avoiding to compromise the statistical significance of the model.  One of the most used link 

functions is the logit, recommended when the dependent variable shows an equal distribution amongst 

the data from the categories (Norusis, 2004). The negative log-log link function is also greatly used 
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and it’s best employed when the categories from a smaller category of our dependent variable have a 

bigger probability of occurring, which is the case here presented in this database since the category of 

“Minor injury” had a bigger frequency. Using the OLR, one of the most important assumptions that 

have to be tested is the proportional odds assumption. The model only applies to data that meet this 

assumption, i.e., when the effect of the independent variable on the link function is the same to all of 

the dependent variable categories and when there is a parallelism on the link function regarding its 

categories, making possible to use only one model instead of separated models if the assumption is 

not valid. This is a critical step to evaluate the model’s credibility and the violation of this assumption 

can invalidate the model because its obtained estimates can be seriously skewed compromising its 

analysis and conclusions (Williams, 2006 and O'Connell, 2006). 

So, starting with a complete model (that is, with all independent variables as showed in Table 

I.1 (Appendix I), a phased approach to eliminate independent variables that were not significant and/or 

reconfiguration of the same collapsing their categories, followed by the verification test of proportional 

odds assumption, being discarded models that failed the test. At each stage of the process, it was also 

evaluated the obtained statistical adjustment models as well as their stability to obtain the final model. 

A last fundamental criterion for obtaining the best model has been the principle of parsimony, i.e., the 

regression model doesn’t need any unnecessary variables, so it is desirable to have the smallest 

number of independent variables that explain theirs effects and simplify the interpretation of the model. 

Based on this, any adjusted model failed to accomplish the above-mentioned criterions and quality 

tests. So, it was not assured the validity of the model.  

Considering the difficulties to apply a quality OLR, and taking into account previous problems, it 

appears then that, as discussed previously, the high number of empty cells does not completely 

ensures the quality of fit of the models. These are common problems in regression models applied to 

big samples and/or large number of independent variables categories (Norusis, 2004), as it is the case 

in this model. 

To handle this amount of undefined or missing values in the database/model, there are several 

missing data techniques. From many techniques, there are 3 that are regularly employed: the 

multinomial logistic regression method (MLR), the listwise deletion (LD) and mean imputation (MI) 

(Little, R. and Rubin, D., 2002). According to LD, cases with missing values for any variables are 

omitted from the analysis and in MI it replaces the missing observations of a certain variable with the 

mean of the observed values in that variable. These last two are very popular methods in software 

cost estimation and very simple in their implementations. LD and MI are efficient methods when the 

percentage of missing data is small (10%). For higher percentages (20% and 30%), these method are 

not suitable. MLR is the method, especially for missing value percentages of 20% and 30% (Little, R. 

and Rubin, D., 2002). In the present database, from a total of 11366 cases there were 2793 missing 

data events, which correspond to approximately 24,6%. 

Having this in consideration, it was undertaken the MLR and variable selection to the model. 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 
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elimination of the variable at each stage (Hosmer D., et al., 2000). In the forward stepwise procedure, 

variables are sequentially added to an "empty" (intercept) model.  In contrast, backward procedures 

start with all of the variables in the model, and proceed by removing them. In this model, it was chosen 

to undertake a forward approach. If it were to include independent variables that did not correlated 

with the dependent variable, it would withdraw the model’s validity. So, 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 Deviance quality tests and likelihood ratio test results. If these 

quality test values were different than zero (preferably closer to 1) and statistically significant, we then 

move to the next variable and so on. Also, by evaluating Pseudo !! statistics, it can be analyzed the 

model’s quality, where for a good quality model these values are closer as possible to 1. By the end of 

this process, it was reached an intercept model with 17 variables that were statistically significant and 

that did not compromise the quality of the model. 

After inserting all correlated and significant independent variables, it was verified that the SPSS 

output warned about the existence of singularities in the hessian matrix. This generally represents that 

the model has too many variables or that there are categories with low frequency within the 

considered independent variables (Altman, M., et al., 2003). Having the intercept model as reference, 

it was proceeded an optimization of the model based on the deletion or collapse of categories from the 

independent variables, followed by a progressive remove of these variables. This removal testing was 

based on the Wald statistics and their associated p-values (Steenbergen, M., 2006). Thus, at this 

stage, it was evaluated which variables were characterized by a bigger number of categories that 

contained null coefficients, i.e., categories with p-value greater than 0,05 (non-significant). From this 

approach, it was proceeded an elimination of several variables like “Driver and Pedestrian’s actions” 

and also “Road category” independent variables, by this order and individually. 

This process of removing predictor variables had to be done in a methodical way since that 

removing random variables might reduce the validity of the model because each one has a general 

influence to the model and in between all predictor variables. Simultaneously, it was tried to ensure 

that the final model lost no significant information taking into account the empirical relevance 

recognized in the literature of various factors on the causal relationship with the dependent variable. It 

was then necessary to make a compromise between a model with more detail and a reduced model 

with a higher level of confidence in their results, with the best-fit possible, but still with the variables 

that, as far as we know, were important and described the response variable. Therefore, this model 

could have been improved since it was detected the existence of associations within predictor 

variables by evaluating the Chi-squared (!!) value on the resultant “Model fitting information” SPSS 

table. Thus, removing one of these variables, namely “Time of Day” predictor variable, the quality of 

the model would have improved. This variable, besides having several categories that were non-

significant, it was predicted and evaluated the existence of an association between this variable and 

the “Illumination” independent variable since part of the variation of the “Time of day” variable was 

explained on “Illumination” variable. However, it was important to study the influence and association 

between specific hours of the accident and the resulting injury on pedestrians, thus not removing this 

variable and ending up with our final model of 14 predictor/independent variables. These independent 
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variables are, as it can be seen in Table I.6 (Appendix I): Time of day (! = 0,040), District (! = 0,000), 

Localization (! = 0,000), Circulation Regime (! = 0,000), Illumination (! = 0,000), Road Marks 

(! = 0,043), Pedestrian’s age (! = 0,000), Pedestrian’s gender (! = 0,002), Vehicle Design/Category 

(! = 0,000), Driver’s gender (! = 0,008), Driver’s Injury Severity (! = 0,000), Driver’s age (! = 0,001) 

and Blood alcohol rate (! = 0,000). These were the variables that correlate with the selected 

dependent variable (pedestrian injury severity).  

Having this final adjusted model obtained using MLR, it can now correlate different categories 

(as different references) from the dependent variable with the considered independent variables. 

Existing methods for the individuation of accident patterns include frequency analysis combined with 

odd ratio (OR) calculation (Ballesteros et al., 2004; Beck et al., 2007). The OR, which in a MLR is 

represented by Exp(B), on a CI of 95% and the statistical significant variables of the adjusted final 

model are presented in Table I.2  (Appendix I). The SPSS output is in Appendix I, verifying (in Table 

I.3 ) that the adjusted model is statistically significant (!! 102 = 1,297!4; ! = 0,000). Also, it can be 

observed that the AIC and BIC criteria values, as well 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 considered dependent variable (Table I.5 , Appendix I). 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 (Table I.4 , Appendix I), 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 we do not reject our null hypothesis that the model adjusts to data, i.e., the model has a 

good fit between the expected and actual values. Furthermore, in Table I.8 (Appendix I), it can be 

conclude that the model had 89,4% accuracy between the observed and predicted values. 

In Table I.7 (Appendix I), it can be verified that the adjusted model has a subset of independent 

variables from the complete and original model (these are called the estimated parameters). These 

observed relations are based on the interpretation of the signal of the logistic coefficients (B) from the 

independent variable categories, regarding 2 dependent variable categories (being one of them 

considered as the reference for comparison). Parameters with significant negative coefficients B 

decrease the likelihood of that response category with respect to the reference category and, with 

positive coefficients, increase the likelihood of that response category with respect to the reference 

category. The closer to zero, the less influent is the predictor. In addition to this logistic coefficients 

analysis, it can also be interpreted the Exp(B) that represents the odds ratio associated to each 

predictor category, which turns out to be an analysis similar to the above mentioned. If Exp(B) = 1, it 

indicates that there is no effects in the categories in analyses. If Exp(B) > 1 or Exp(B) < 1, it indicates 

an increase or a decrease in the likelihood (Formby, S., 2009). For all these conclusions and analyses 

from Table I.7 , we also have to take into consideration the statistical significance (p-value) for the 

categories. It was used the 95% CI because a p-value of 5% was the convention for rejecting the null 
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hypothesis in a significance test. This means that there is 95% likelihood for the fact that true OR 

value falls between the lower and upper portion of the 95% confidence interval.  

Considering “Time of day” categories (Table 2 ), it can be conclude that it is more likely to die 

than having minor injuries in categories 3 and 4.  From these categories, category 4 is the most likely 

to occur. However, this association is unreliable (as well as the others) since this association was not 

statistical significant despite having a positive B meaning it is more likely in comparison to the 

explanatory and predictor reference categories (B=0,359; Exp(B)=1,432; p=0,177). Also, it is more 

likely to occur “Seriously injury” than “Minor injury” in all predictor’s categories, being categories 2 and 

4 the only ones that had statistical significance. Of these two, the one that is more likely is category 2. 

Since this associations are statistically significant there is considerable confidence to affirm that there 

is an increase of 38,5% (Exp(B)=1,385) and 35,7% (Exp(B)=1,357) of the odds of occurring “Seriously 

injury” when compared to “Minor injury”. 

Table 2 – Statistical significance and OR (95% CI) for “Time of day” independent variable.  

Minor Injury (reference) Dead Seriously Injured 
Time of Day-hours: 

p-value OR (95% CI) p-value OR (95% CI) 
10h-15h59 (reference) 

1. 16h-18h 0,183 0,688 (0,397-1,193) 0,053 1,251 (0,997-1,572) 
2. 19h-00h 0,297 0,705 (0,365-1,36) 0,031 1,385 (1,031-1,86) 

3. 1h-6h 0,746 1,157 (0,478-2,799) 0,23 1,383 (0,815-2,347) 
4. 7h-9h 0,177 1,432 (0,85-2,41) 0,015 1,357 (1,061-1,736) 

 
Analysing the “District” predictor (Table 3), it can be concluded that it is more likely to die than 

having minor injuries in all categories, except for “Castelo Branco” category. From these categories, 

categories 3, 4, 7 and 16 are the most likely to occur, being category 7 even more likely. Since this 

association is statistically significant (p=0,005), there is considerable confidence to affirm that there is 

an increase of 582,8% (Exp(B)=6,828) of the odds of occurring “Dead” category for “Évora”. Also, 

categories 3 (Exp(B)=5,094; p=0,000), 4 (Exp(B)=6,092; p=0,008) and 16 (Exp(B)=5,16; p=0,000) 

have an increase of, respectively, 409,4%, 509,2% and 416% of the odds of occurring “Dead” than 

“Minor Injury”. Also, categories 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 14, 15 and 17 and “Lisboa” categories were 

statistical significant when analysing “Seriously injured” category. For these categories, except 6, it is 

more likely to occur “Seriously injury” than “Minor injury”, being the most likely category 4. For 

category 6, we concluded that it is less likely to occur “Seriously injury” than “Minor injury”. Since these 

associations were statistically significant, there is considerable confidence to affirm that, accounting 

the same order here presented excluding category 6, there is an increase of 52,1% (Exp(B)=1,521; 

p=0,018), 250,9% (Exp(B)=3,509; p=0,000), 129% (Exp(B)=2,29; p=0,000), 485,4% (Exp(B)=5,854; 

p=0,000), 376,9% (Exp(B)=4,769; p=0,000), 328,1% (Exp(B)=4,281; p=0,000), 149,4% 

(Exp(B)=2,494; p=0,003), 184,6% (Exp(B)=2,846; p=0,001), 63,3% (Exp(B)=1,633; p=0,011), 171,2% 

(Exp(B)=2,712; p=0,000), 61,8% (Exp(B)=1,618; p=0,003) and 144,1% (Exp(B)=2,441; p=0,001) of 

the odds of occurring “Seriously injury”. For category 6, there is a decrease of 51,4% (Exp(B)=0,486; 

p=0,028) of the odds of occurring “Seriously injury”. 



 

 

 

 

25 

 

Table 3 – Statistical significance and OR (95% CI) for “District” independent variable.  

Minor Injury (reference) Dead Seriously Injured 
District: 

p-value OR (95% CI) p-value OR (95% CI) 
Lisboa (reference) 

1. Aveiro 0,154 1,749 (0,81-3,775) 0,018 1,521 (1,075-2,151) 
2. Beja 0,17 2,86 (0,638-12,825) 0 3,509 (1,783-6,908) 

3. Braga 0 5,094 (2,712-9,57) 0 2,29 (1,693-3,098) 
4. Bragança 0,008 6,092 (1,608-23,086) 0 5,854 (3,31-10,352) 

5. Castelo Branco 0,904 0,881 (0,111-7,01) 0 4,769 (2,896-7,853) 
6. Coimbra 0,4 1,58 (0,545-4,582) 0,042 0,486 (0,243-0,975) 

7. Évora 0,005 6,828 (1,802-25,868) 0 4,281 (2,276-8,053) 
8. Faro 0,42 1,448 (0,589-3,563) 0 2,494 (1,749-3,557) 

9. Guarda 0,077 3,267 (0,878-12,153) 0,001 2,846 (1,537-5,27) 
10. Leiria 0,019 2,545 (1,167-5,548) 0,011 1,633 (1,119-2,382) 
11. Viseu 0,087 2,3 (0,885-5,976) 0,058 1,551 (0,985-2,442) 

12. Portalegre 0,168 2,627 (0,666-10,362) 0,221 1,74 (0,717-4,224) 

13. Porto 0,071 1,728 (0,955-3,128) 0,783 1,038 (0,798-1,349) 
14. Santarém 0,002 4,116 (1,668-10,156) 0 2,712 (1,759-4,18) 
15. Setúbal 0,001 2,982 (1,559-5,705) 0,003 1,618 (1,183-2,213) 

16. Viana do Castelo 0 5,16 (2,313-11,511) 0,191 1,436 (0,835-2,47) 

17. Vila Real 0,169 2,468 (0,681-8,942) 0,001 2,441 (1,415-4,212) 
 

Relatively to the “Localization” predictor (Table 4), it can be concluded that it is more likely to die 

than having minor injuries in category 1. Since this association is statistically significant (p=0,000), 

there is considerable confidence to affirm that there is an increase of 427,7% (Exp(B)=5,277) of the 

odds of occurring “Dead” than “Minor Injury” in “Outside urban area” predictor category. Also, it is 

more likely to occur “Seriously injury” than “Minor Injury” in category 1. Since this association is 

statistically significant (p=0,005), there is considerable confidence to affirm that there is an increase of 

66,6% (Exp(B)=1,666) of the odds of occurring “Seriously Injury” than “Minor Injury” in predictor 

category 1. 

Table 4 – Statistical significance and OR (95% CI) for “Localization” independent variable. 

Minor Injury (reference) Dead Seriously Injured 
Localization: 

p-value OR (95% CI) p-value OR (95% CI) Inside urban area 
(reference) 

1. Outside urban area 0 5,277 (3,18-8,757) 0,005 1,666 (1,167-2,377) 
 

Relatively to the “Circulation Regime” predictor, in Table 5, it can be concluded that it is less 

likely to occur “Dead” considering category 1 and, therefore, more likely to occur “Dead” considering 

“Two-way street” reference category. The association with category 1 (Exp(B)=0,517; p=0,009) is 

statistically significant, getting a considerable confidence to affirm that if has a decrease of 48,3% of 
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the odds of occurring “Dead” category. Also, it is less likely to occur “Seriously injury” for category 1, 

thus, being more likely to occur for “Two-way Street” category. Since this association is statistically 

significant (p=0,000), there is considerable confidence to affirm that there is a decrease of 37,3% 

(Exp(B)=0,627) of the odds of occurring “Seriously injury” than “Minor injury” reference category. 

Table 5 – Statistical significance and OR (95% CI) for “Circulation Regime” independent variable. 

Minor Injury (reference) Dead Seriously Injured 
Circulation Regime: 

p-value OR (95% CI) p-value OR (95% CI) Two-way street 
(reference) 

1. One-way street 0,009 0,517 (0,315-0,85) 0 0,627 (0,503-0,78) 

Table 6 – Statistical significance and OR (95% CI) for “Road Division” independent variable. 

Minor Injury (reference) Dead Seriously Injured 
Road division: 

p-value OR (95% CI) p-value OR (95% CI) Road without division 
(reference) 

1. Highway or with an road 
division 0,169 2,468 (0,681-8,945) 0,001 4,264 (1,759-10,337) 

2. Other road type 0,014 1,823 (1,132-2,935) 0 1,536 (1,219-1,935) 
 

Regarding the “Road division” predictor, in Table 6 , it can be concluded that both categories 

are more likely to occur than our reference category. However, category 2 was the only one who had 

statistical significance (p=0,014) being more likely to occur this category on “Dead” category, and, 

therefore, more likely to occur “Dead” considering “Road without division” reference category. There is 

considerable statistical confidence to affirm that this category has an increase of 82,3% 

(Exp(B)=1,823) of the odds of occurring “Dead” category. Also, it is more likely to occur “Seriously 

injury” in both predictor categories, being the most likely category 1. Since these associations are 

statistically significant, there is considerable confidence to affirm that there is an increase of 326,4% 

and 53,6% (Exp(B)=4,264; p=0,001 and Exp(B)=1,536; p=0,000), respectively, of the odds of 

occurring “Seriously injury” than “Minor injury” reference category. 

Relatively to the “Illumination” predictor, in Table 7 , it can be concluded that it is more likely to 

occur “Dead” category in all independent categories. From all these 3 independent categories, we 

conclude that category 3 is the most likely to occur. Since this association is statistically significant 

(p=0,000), there is considerable confidence to affirm that there is an increase of 439,5% 

(Exp(B)=5,395) of the odds of occurring “Dead” category. Still, on this predictor, it was concluded that 

category 1 (Exp(B)=3,388; p=0,002) and 2 (Exp(B)=3,097; p=0,000) were likely to occur and all have 

statistical significance, thus having considerable confidence to affirm that there is an increase (of, 

respectively, 238,8% and 209,7%) of the odds of occurring “Dead” category. Also, it is more likely to 

occur “Seriously injury” for category 3. Since this association between variables is statistically 

significant, there is considerable confidence to affirm that there is an increase of 73,8% 

(Exp(B)=1,738; p=0,005) of the odds of occurring “Seriously injury” category. 
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Table 7 – Statistical significance and OR (95% CI) for “Illumination” independent variable. 

Minor Injury (reference) Dead Seriously Injured 
Illumination: p-value OR (95% CI) p-value OR (95% CI) 

Day (reference) 
1. Dawn or twilight 0,002 3,388 (1,563-7,347) 0,524 1,162 (0,733-1,842) 

2. Night, with illumination 0 3,097 (1,765-5,434) 0,16 1,2 (0,93-1,547) 
3. Night, without illumination 0 5,395 (2,789-10,435) 0,005 1,738 (1,181-2,557) 

Table 8 – Statistical significance and OR (95% CI) for “Road Marks” independent variable. 

Minor Injury (reference) Dead Seriously Injured 
Road Marks: 

p-value OR (95% CI) p-value OR (95% CI)  Without road marks or 
barely visible (reference) 
1. With marks – separating 

driver direction 0,506 1,14 (0,774-1,679) 0,016 1,266 (1,045-1,533) 

2. With marks – separating 
driver direction and traffic lanes 0,953 0,986 (0,623-1,661) 0,006 1,345 (1,088-1,664) 

 

Regarding “Road Marks” predictor, in Table 8 , it can be concluded that it is more likely to die 

than having minor injuries in category 1 and less likely to die in category 2. Since these associations 

within these categories all have p-value>0,05, they are unreliable despite having positive B and 

negative B, respectively, meaning that it is more likely and less likely to occur in comparison to our 

explanatory and predictor reference categories. Also, it is more likely to occur “Seriously injury” for 

category 1 and 2, being more likely to occur for the category 2. Since there is statistical significance 

for these categories, there is considerable confidence to affirm that there is an increase of 26,6% 

(Exp(B)=1,266; p=0,016) and 34,5% (Exp(B)=1,345; p=0,006), respectively, of the odds of occurring 

“Seriously injury” than “Minor injury”. 

Table 9 – Statistical significance and OR (95% CI) for “Pedestrian’s Age” and “Pedestrian’s Gender” 
independent variables. 

Minor Injury (reference) Dead Seriously Injured 
Pedestrian’s Age: 

p-value OR (95% CI) p-value OR (95% CI) Greater than or equal to 65 
years old (reference) 

1. Less than or equal to 14 years 
old 0 0,21 (0,102-0,429) 0 0,493 (0,383-0,634) 

2. 15-39 years old 0 0,273 (0,17-0,44) 0 0,405 (0,323-0,506) 
3. 40-64 years old 0 0,504 (0,345-0,737) 0 0,538 (0,441-0,656) 

Minor Injury (reference) Dead Seriously Injured 
Pedestrian’s Gender: p-value OR (95% CI) p-value OR (95% CI) 

Female (reference) 
1. Male 0,001 1,743 (1,245-2,44) 0,071 1,159 (0,987-1,361) 

 

Considering “Pedestrian’s age” predictor, in Table 9 , it can be concluded that it is less likely to 

occur “Dead” than “Minor injury” considering categories 1, 2 and 3, therefore, more likely to occur 

“Greater than or equal to 65 years old” reference category. Being categories 1,2 and 3 statistically 
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significant, it gives us a considerable confidence to affirm that there is a decrease (of, respectively, 

79%, 72,7% and 49,6%) of the odds of occurring “Dead” category than “Minor injury, being the least 

likely category 1. Also, it is less likely to occur “Seriously injury” than “Minor injury” for categories 1, 2 

and 3, being the least likely category 2. Furthermore, it is more likely to occur “Seriously injury” than 

“Minor injury” for “Greater than or equal to 65 years old” reference category. Since these associations 

were statistically significant, there is considerable confidence to affirm that there is a decrease of 

50,7% (Exp(B)=0,493; p=0,000), 59,5% (Exp(B)=0,405; p=0,000) and 46,2% (Exp(B)=0,538; p=0,000) 

of the odds of occurring “Seriously injury”. 

Regarding “Pedestrian’s Gender” predictor, also in Table 9 , it can be concluded that it is more 

likely to occur “Dead” than “Minor injury” in “Male” independent category. Thus, category 1 is the most 

likely to occur. Since this association is statistically significant (p=0,001), there is considerable 

confidence to affirm that there is an increase of 74,3% (Exp(B)=1,743) of the odds of occurring “Dead” 

category. Also, it is more likely to occur “Seriously injury” than “Minor injury” in “Male” category. These 

associations within these categories are unreliable since p-value<0,05, despite having positive B value 

meaning that it is more likely to occur in comparison to the explanatory and predictor reference 

categories. 

Relatively to “Vehicle Design/Category” predictor, in Table 10 , it can be concluded that it is 

more likely to occur “Dead” than “Minor injury” in both categories 1 and 2 categories, being the first 

category the most likely. Since this association is statistically significant (p=0,000), there is 

considerable confidence to affirm that there is an increase of 529,8% (Exp(B)=6,298) of the odds of 

occurring “Dead” category. Furthermore, it is less likely to occur “Dead” than “Minor injury” in category 

2 and, since its association is statistically significant (p=0,002), there is considerable confidence to 

affirm that there is a decrease of 80,9% (Exp(B)=0,191) of the odds of occurring “Dead” category.  

Table 10 – Statistical significance and OR (95% CI) for “Vehicle Designs/Category” independent variable. 

Minor Injury (reference) Dead Seriously Injured 
Vehicle Design/Category: p-value OR (95% CI) p-value OR (95% CI) 
Light vehicle (reference) 

1. Heavy vehicle 0 6,298 (3,831-10,355) 0 2,927 (2,138-4,008) 
2. Motorcycle or Mopeds 0,002 0,191 (0,066-0,556) 0 0,332 (0,193-0,573) 

3. Others (agricultural vehicle, 
vehicle on rails and industrial 

vehicle) 
0,36 2,047 (0,4412-9,508) 0 4,378 (2,17-8,836) 

4. Velocipede with or without 
engine . 

0,000000002894 
(0,000000002894-
0,000000002894) 

0,022 0,179 (0,041-0,782) 

 

Also, it is more likely to occur “Seriously Injury” than “Minor injury” relatively to categories 1 and 3, 

being the most likely category 3. Furthermore, it is less likely to occur “Seriously injury” than “Minor 

injury” regarding 2 and 4 categories, being the least likely category 4. Since this associations between 

these categories referred above are all statistical significant, there is considerable confidence to affirm 

that there is an increase of 192,7% (Exp(B)=2,927; p=0,000) and 337,8% (Exp(B)=4,378; p=0,000) of 

the odds of occurring “Seriously injury”, regarding respectively to categories 1 and 3. Furthermore, we 
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also can affirm that there is a decrease of 66,8% (Exp(B)=0,332; p=0,000) and 82,1% (Exp(B)=0,179; 

p=0,022) of the odds of occurring “Seriously injury” than “Minor injury”, regarding respectively to 

categories 2 and 4. 

Table 11 – Statistical significance and OR (95% CI) for “Driver’s Age” and “Driver’s Gender” independent 
variables. 

Minor Injury (reference) Dead Seriously Injured 
Driver's age: p-value OR (95% CI) p-value OR (95% CI) 

30-39 years old (reference) 
1. 40-49 years old 0,382 1,248(0,76-2,051) 0,719 0,957(0,754-1,215) 

2. 50-59 years old 0,877 0,957(0,548-1,67) 0,104 0,803(0,616-1,046) 
3. 60-69 years old 0,117 0,546(0,256-1,164) 0,216 0,828(0,613-1,117) 

4. Greater than or equal to 70 
years old 0,683 1,161(0,568-2,37) 0,043 0,688(0,479-0,988) 

5. Less than or equal to 19 years 
old 0,439 1,505(0,534-4,241) 0,479 1,198(0,727-1,975) 

6. 20-29 years old 0,007 1,909(1,191-3,061) 0,046 1,264(1,004-1,591) 

Minor Injury (reference) Dead Seriously Injured 
Driver’s Gender: p-value OR (95% CI) p-value OR (95% CI) 
 Male (reference) 

1. Female 0,008 0,511(0,312-0,836) 0,135 0,861(0,709-1,047) 
 

Relatively to “Driver’s age” predictor, in Table 11 , it can be concluded that it is more likely to 

occur “Dead” than “Minor injury” in categories 1, 4, 5 and 6, being category 6 the most likely. However, 

the only category that is statistically significant is category 6. Since this association is statistically 

significant (p=0,007), there is considerable confidence to affirm that there is an increase of 90,9% 

(Exp(B)=1,909) of the odds of occurring “Dead” category. Also, it is more likely to occur “Seriously 

injury” than “Minor injury” to categories 5 and 6 and less likely to occur category 1, 2, 3 and 4, being 

the most likely category 6 and the least likely category 4. Since only categories 4 and 6 are statistically 

significant, there is considerable confidence to affirm that there is a decrease of 31,2% (Exp(B)=0,688; 

p=0,043) and increase of 26,4% (Exp(B)=1,264; p=0,046) of the odds of occurring “Dead” category. 

Regarding “Driver’s Gender” predictor, also in Table 11 , it can be concluded that it is less likely 

to occur “Dead” than “Minor injury” in “Female” category. Since this association is statistically 

significant (p=0,008), there is considerable confidence to affirm that there is a decrease of 48,9% 

(Exp(B)=0,511) of the odds of occurring “Dead” category than “Minor injury” and “Male” reference 

categories. Thus, it can be said that it is more likely to occur “Dead” than “Minor injury” in “Male” 

category. Also, it is less likely to occur “Seriously injury” than “Minor injury” for “Female” predictor 

category. Thus, it is more likely to occur for “Male” predictor category. These associations within these 

categories for “Serious injury” explanatory category are unreliable since none of them had p-

value<0,05, despite having negative B value meaning that it is less likely to occur in comparison to our 

reference categories.  
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Table 12 – Statistical significance and OR (95% CI) for “Driver Injury Severity” independent variable. 

Minor Injury (reference) Dead Seriously Injured 
Driver Injury Severity: p-value OR (95% CI) p-value OR (95% CI) 
 Uninjured (reference) 
1. Dead/Seriously Injury 0 83,278 (14,922-464,769) 0 22,288 (5,141-96,625) 

2. Minor Injury 0 6,08 (2,912-12,693) 0 3,887 (2,456-6,152) 
 

Relatively to “Driver’s Injury Severity” predictor, in Table 12 it can be concluded that it is more 

likely to occur “Dead” than “Minor injury” in all categories, that is, in categories 1 and 2, being the first 

category the most likely. Since these associations are statistically significant (p=0,000), there is 

considerable confidence to affirm that there is an increase of 8227,8% and 508% (Exp(B)=83,278 and 

Exp(B)=6,08) of the odds of occurring “Dead” category. Also, it is more likely to occur “Seriously injury” 

than “Minor injury” to categories 1 and 2, being category 1 the most likely. Since both are statistical 

significant, there is considerable confidence to affirm that there is an increase of 2128,8% 

(Exp(B)=22,288; p=0,000) and 288,7% (Exp(B)=3,887; p=0,000) of the odds of occurring “Seriously 

injury” than “Minor injury” and “Uninjured” reference categories. 

Table 13 – Statistical significance and OR (95% CI) for “Blood Alcohol Rate” independent variable. 

 

Regarding “Blood Alcohol Rate” predictor, in Table 13 , it can be concluded that it is less likely 

to occur “Dead” than “Minor Injury” in categories 1, 2 and 3, being category 3 the least likely. Since 

these associations are all statistically significant (p=0,000), there is considerable confidence to affirm 

that there is a decrease of, respectively, 98,2%, 97,2% and 99,4% (Exp(B)=0,018; Exp(B)=0,028; 

Exp(B)=0,006) of the odds of occurring “Dead” category than “Minor injury”  and “Less than 0,5 g/l” 

reference categories. Also, it is less likely to occur “Seriously injury” than “Minor injury” to categories 

1,2 and 3, being the least likely category 3. And, since there is a statistical significance in these 

associations within these categories, there is considerable confidence to affirm that there is a 

decrease of, respectively, 94,1%, 75,4% and 94,2% (Exp(B)=0,059; Exp(B)=0,246; Exp(B)=0,058) of 

the odds of occurring “Seriously injury” than “Minor injury”. 

Minor Injury (reference) Dead Seriously Injured 
Blood Alcohol Rate: p-value OR (95% CI) p-value OR (95% CI) 

 Less than 0,5 g/l (reference) 
1. Not measured by driver escape 
/ driver not contacted at the time 

of the accident  
0 0,018 (0,006-0,05) 0 0,059 (0,03-0,117) 

2. Not measured for other 
reasons (refusal, illness, injury or 

fatal injury resulting from the 
accident) 

0 0,028 (0,013-0,064) 0 0,246 (0,167-0,363) 

3. Greater than or equal to 0,5 g/l 0 0,006 (0,003-0,012) 0 0,058 (0,042-0,079) 
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2.4 Discussion 

The MLR analysis allows estimating the probability associated to the variation of injury severity 

sustained by pedestrians in pedestrian road accidents given the influence of a factor determined from 

a set of potential risk factors, thus going beyond the commonly performed analysis of the temporal 

evolution number of fatalities and accidents, disregarding the statistical weight of verified evidence and 

possible correlations among variables. Applying the MLR to the sample of pedestrian road accidents 

where pedestrians were injured during the period of 2010 and 2011, the main objective was to identify 

the principal factors that may influence the severity of pedestrian’s injuries and, thereby, contribute to 

develop road accident prevention measures focused on pedestrians and targeted for effective action 

on critical factors, as well as raising awareness of this problem in Portugal. 

The MLR model was reduced to the best possible model among other candidates and, like any 

other model, it is a representation of the reality where results are hypotheses. Nevertheless, given the 

significance and consistency of the model, it is possible to withdraw conclusions and warnings with 

greater confidence. Therefore, based on this model, it was verified that the time of the day contributes 

significantly for pedestrian’s injury severity in the event of an accident and, more specifically, when the 

accident occurs at the morning rush hour period between 7h and 10 h, as mentioned by Chini, F., et al 

(2009) and Harmak, C., (2007) and between 19h and midnight, despite having a lower frequency of 

occurrence. It was also possible to verify that, although the majority of pedestrian road accidents occur 

inside urban area, the fact that an accident occurred outside urban area contributes significantly for a 

higher pedestrian’s injury severity outcome, as verified by Zajac, S.S.(2003) and Lee, C. (2005), being 

that those who contribute the most to this effect are the towns of Bragança, Évora, Braga and Viana 

do Castelo. On the other hand, Noland, R., et al. (2005) found that the association between 

congestion and traffic safety was inconclusively towards an increase pedestrians’ safety. A significant 

number of pedestrian road accidents occurred inside urban area and this can be as result of a higher 

exposure, since there are more vehicles and pedestrians in that vicinity and, therefore, the potential 

for a collision is greater. However, these are not as dangerous for pedestrians like a collision at rural 

areas/outside urban area, since less vehicles also mean less traffic and, therefore, greater vehicle 

velocity. Still, in regard to roadway characteristics, it was verified that the circulation regime that 

characterizes the road has influence on the pedestrian’s injury severity outcome, being two-way roads 

more likely to inflict severe injuries, also found by Al-Ghamdi, A., (2002) and Wazana, R., et al. (2000). 

This fact indicates that, in a two-way road, pedestrians should pay even more attention since they 

have to divide their attention and take into account that the road crossing will take even more time.  

The expected influence of natural and artificial illumination at the time of the accident was also 

predicted, where the occurrence of a pedestrian road accidents at night without illumination was more 

likely to inflict severe injuries. Nighttime road crashes were found to be associated with injury severity 

at many other findings like Majdzadeh, R., K. Khalagi, et al. (2008), Plainis et al. (2006) and Lee, C., et 

al, (2005). Research shows that poor luminous intensity is a precursor of many pedestrian road 

accidents at nighttime. The model has also predicted a relationship/association between the presence 

of road marks and it’s influence on pedestrian’s injuries. There was an association between the 
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existence of road marks on the road and severer injuries. However, other studies like Zegeer, Steward 

et al. (2002), Leden, G., et al. (2006) and Donroe, J., et al. (2008) identified the absence of lane 

demarcation as serious risk factors for pedestrian crashes. 

Regarding human factors, it was observed that there was a significant relation between 

pedestrian’s age and gender with injury severity outcome. Relatively to pedestrian’s age, injury 

severity indicates a clear relation with this human factor, where older pedestrians had an increase of 

the odds of sustaining severer injuries than young adults. This fact is consistent with several studies 

like Rosén and Sander (2009), Eluru et al. (2008), Sze et al. (2007), Lee et al. (2005) and Zajac et al. 

(2003), so the literature suggests that pedestrian age has significant statistical relation with fatality risk 

of pedestrians, emphasized given to the higher vulnerability of children and elderly. Relatively to 

pedestrian gender, it was found that there is a relation that influences pedestrian’s injury severity, and 

more specifically, that male pedestrian’s tend to have more severer injuries than females although 

female pedestrian road accidents occur more frequently. Part of the explanation for this doubtless lies 

in the behavior of male pedestrians, which means their accidents take place in circumstances that are 

associated with higher impact speeds. This has already been observed in other studies like in Martin, 

J. L., et al., (2011). Conversely, Lee et al., (2005) indicated that females were more likely to be 

severely injured, while Stone et al., (2003) reported that injury or fatality rate was not significantly 

different between males and females. 

Using MLR in the adjusted model it was also found a relation between the vehicle 

design/category and pedestrian injury severity outcome, like Fredriksson, R., et al., (2010), Paulozzi 

(2005) and Roudsari, M., et al. (2005). It was found that, as expected, heavy vehicles and others like 

agricultural vehicle, vehicle on rails and industrial vehicle had more odds of inflicting more severe 

injuries than other vehicles, specially mopeds or motorcycles. In an impact between a pedestrian and 

a car, the risk of sustaining a serious injury is affected by physical parameters defining the car. 

Specifically, car body stiffness, especially of the bumper, the bonnet and its leading edge, the 

geometry of the car design, particularly the height of the bumper relative to pedestrian stature, and the 

shape of the car body, are important determinants of pedestrian injury risk (Yang, 2002). Also, the 

car’s ability to deform and, thereby, absorb much of the energy of impact reduces pedestrian injury 

risk. 

For driver’s gender, injury, age and blood alcohol rate predictors, the model also retrieved some 

significant relations with injury severity. Relatively to driver’s gender, being a male driver proved to be 

a risk factor for more severe injuries. The model suggests that it is possible that male drivers are more 

aggressive and take more risks than female drivers, despite female drivers being present in this 

database in bigger numbers. It is always important to indicate, when explaining the degree of collision 

involvement of any particular group, the exposure to the risk of collision of the groups involved. But, 

without knowing the actual vehicle-kilometers driven by males and females, it is not possible to 

determine how much of their over-representation in collisions is attributable to risk-taking and 

aggressive driving, and how much is exposure-related. The model has also predicted that driver’s age 

influenced the pedestrian injury severity outcome. Mainly, being a younger driver contributes to an 

increase of the odds of a pedestrian sustaining severer injuries. This as also been proved in some 
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previous studies, like Kim, K., et al., (2008) and Siddiqui, N., (2006), suggesting that younger drivers 

were more likely to disobey red lights than other age groups and, being typically more aggressive, are 

likely to be involved in more severe pedestrian road accidents. Regarding driver’s injury, being the 

most representative category the uninjured group, the model predicts that there is a relation between 

driver and pedestrian’s injury severity output. Drivers who died or suffered serious injuries are related 

to inflict more severe injuries on pedestrians, as expected. For driver’s blood alcohol rate (BAR), it was 

predicted an outcome that it was not expected. Driving under the influence of alcohol (BAR greater 

than 0,5 g/l) is a well-publicized issue, being related with the occurrence of more severe injuries on 

pedestrians (Zajac, S.S., et al., 2003 and Kim, J.K., et al., 2007). However, the model suggests the 

opposite relation. This model’s conclusion was mainly due to the fact that for any type of injury 

sustained by the pedestrian (fatal injuries, seriously injured or slightly Injured) more than 70% of the 

driver’s had a BAR less than 0,5 g/l, verified by applying a bivariate analysis using SPSS crosstabs 

(Table 14 ). When this independent variable was introduced in the model, despite being a significant 

variable when tested for independency (p-value< 0,05), its effect was “diluted” in the model and 

conclusions within this hypothesis should not be considered. 

Table 14 – Frequency and crosstabs analyses for “BAR” independent variable. 

Blood Alcohol Rate * Pedestrian’s Injuries 
Pedestrian’s Injuries 

Total Dead Serious 
Injury 

Minor 
Injury 

BAR 
(g/l) 

Not measured by driver escape or 
driver not contacted at the time of 

the accident 

Count 
%  

2 
1,1% 

22 
2,9% 

407 
5,3% 

431 
5,0% 

Not measured for other reasons 
(refusal, illness, injury or fatal 

injury resulting from the accident) 

Count 11 14 110 135 
%  6,2% 1,8% 1,4% 1,6% 

Greater than or equal to 0,5 g/l Count 35 115 278 428 
% 19,8% 15,1% 3,6% 5,0% 

Less than 0,5 g/l Count 129 610 6840 7579 
%  72,9% 80,2% 89,6% 88,4% 

 

The main conclusions on the importance of the risk factors in analysis are therefore obtained 

from the reduced and adjusted model, where factors on which we detected a statistically significant 

association were considered as critics and with priority to be regarded on action and prevention plans. 

Furthermore, some factors that were suggested as relevant for the analysis with MLR are consistent 

with other studies in the literature, so its inclusion in secondary measures can be used as a warning to 

pedestrians and drivers and contribution to their safety may be greater than if they were simply 

neglected. The key findings that were obtained on the model in regard to a significant association with 

pedestrian’s injury severity and considered factors on the adjusted model are here presented in Table 

15 . 

Making use of MLR in this research, we quantified the likelihood of serious injuries for 

statistically significant risk factors, formulating the necessary basis for an appropriate and targeted 

sustainable prevention plans for pedestrians and drivers. These results confirm, in a general way, the 

results obtained from previous researches, now translated to the national reality. 
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Table 15 – Key findings and odds variation (%) for significant independent variables. 

Explanatory 
Category in 

analysis 
Risk factor Predictor 

Reference 
Odds 

variation 
Findings with greatest odds with 

(p-value < 0,05) 

Fatal 

District Lisboa + 582,8% for Évora 

Localization Inside urban 
area + 427,7% for Outside urban area 

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 
Design/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 

 

 

The work developed in this research is one of the first approaches in the application of 

regression methods on the analysis of road accidents in Portugal and, in particular, with pedestrian 

road accidents. The applied methodologies have limitations or have alternative methods, such as in 

any work of this kind. 

The great amount of empty cells, that were verified when applying MLR, limited our model’s 

quality evaluation. Given the size of the used sample in this study, it is impossible to control and 

eliminate all inevitable variable combinations with zero frequency. But still, it could be verified that the 

Seriously 
Injury 

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

9h 
District Lisboa + 485,4% for Bragança 

Localization Inside urban 
area + 66,6% for Outside urban area 

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 
Design/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 
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modeling fit information showed good indicators and so the model can be used to predict and 

conclude about the likelihood of the independent variables related to the dependent one. However, it 

has to take into consideration the limitations that a predictive model, like the one here presented, has. 

Accordingly to Turner, S. (2002), data quality comprises accuracy, completeness, validity, 

timeliness, coverage and accessibility. In other words, accident data should exactly reflect the 

characteristics of the statistical object (accuracy), avoid missing values (completeness), be adequate 

to the parameters (validity), be up-to-date (timeliness), comprehend all relevant parameters 

(coverage) and be easily retrieved and processed (availability). The study was based on police 

records. So, these data were unique and a powerful basis for this research, given the systematic and 

coordinated methods by which they were collected and recorded, the large geographic extent they 

covered, and their long temporal extent. However, limitations to such data remain. Several studies 

have already noted the limitations of data collected in a similar fashion, arguing that not all reportable 

motor vehicle accidents were actually reported (Hauer, 2006). So, with the objective of reducing the 

model’s imprecision regarding its obtained estimates and the number of empty cells, it was eliminated 

the cases with empty or non-defined parameters within the database. Then, when applying the 

multinomial logistic regression, it was used a stepwise independent variable insertion method and then 

eliminated variables that presented a greater number of categories with null coefficients. However, 

there are other methods that are recommended and recognized to address these kinds of problems 

and, therefore, the final model may be slightly different at the end. 

There are other regressions that could have been used to the database, namely the ordinal 

regression. At the first stage of this study, ordinal regression was used. But, this regression is strictly 

based on the principle of proportional odds and, therefore, considered as the main criterion for 

obtaining a final model. When applied to the database, this principle was failing. So, in alternative, it 

was considered the multinomial logistic regression, which is a less restrictive method but neglects the 

possible of incorporating the ordinal natural order of our dependent variable and instead of 

determining the probability of a certain event occurring isolates, it estimates the probability of 

occurrence of this event and all events ordered before (cumulative probability). This leads to a simpler, 

more parsimonious model and increase power to detect relationships with other variables (Schafer, J., 

2006). 

Other limitations of this study derive mainly from the constitution of the database from ANSR, 

where certain information was unavailable and should be considered for future studies. Also, the 

information present in this database regarding the injury severity of pedestrians and drivers comes 

from an empirical analysis in a first instance of policemen, confining their ranking on a scale of three 

categories of severity. So, deepening the knowledge of this assessment by crossing information with 

hospital records, medical reports and autopsies, would be an improvement to be considered. Other 

potential factors that were impossible to analyze in this work and influence the severity outcome of the 

injuries were: vehicle velocity and also the velocity of other vehicles involved directly in the accident; 

number of hours of continuous driving and number of road infringements committed before the 

accident; traffic conditions; more information regarding other vehicles involved and number of 

casualties; and lastly, the main cause behind the accident. 
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3 Injury risk factors within different pedestrian age groups 

In this chapter, it will be addressed an overview of the nature of road trauma involving older 

pedestrians, as well as contributing factors to their crash and injury risk. At first, the vulnerability and 

frailty of older adults will be focused, the impact on injury risk is discussed and a general introduction 

to injury biomechanics is here presented. Also, behavioral factors, health and current knowledge of 

several limitations inherent to older pedestrians are discussed. Secondly, it will be addressed the risk 

factors that affect pedestrians at environmental, road and individual level, divided by several age 

groups, undergoing a statistical analysis like the one previously done. The output of this type of 

analysis will give an idea about a possible association and connection between variables but do not 

reveal the causal relationship between them. In this chapter, the injury severity will be assed in a 

different way than it was in the previous chapter, i.e., not based on police officers observations. 

3.1 Injury Biomechanics 

Biomechanics is a sub-branch of the general field of mechanics and, as such, it embraces the 

fundamental principles of this discipline and applies them to the human body considered as a load-

bearing structure (Miles, A., et al. 2012). To this end, mass, time, position are the fundamental 

independent quantities as function of which all other mechanical quantities are expressed. 

Currently, biomechanics is being applied in three large fields: first, to explain the mechanism by 

which an injury is produced (as could be the case of thoracic compression); second, to study human 

body response to forces (e.g., thoracic response to such compression); and, finally, to determine the 

threshold of force required to produce the injury (Arregui-Dalmases, C., et al. 2010). With this 

important tool, entering the field of Forensic Biomechanics, it is possible to validate an accident 

reconstruction based on pedestrian’s injuries. Forensic Biomechanics is an analytic method intended 

for presentation in a court of law. The method consists of the reconstruction of an injury mechanism 

followed by a comparison between the injury risk of the mechanism and the injury tolerance of the 

individual (Freeman, M., et al. 2010).   

The dynamic relation between load and injury is based on the Load-Injury Model, represented in 

Figure 3.1  (Silva, M., 2004; Horst, M.J. et al. 2005). This model shows that in the sequence of an 

accident, the human body is exposed to a certain level of a mechanical load that develops a certain 

biomechanical response. This biomechanical response is defined as any change of the time position 

or shape (deformation) of the human body or region or tissue, and any physiological change (Silva, 

M., 2004). A biomechanical response does not necessarily result in injury. Regarding the value of the 

mechanical load, it can emerge an injury mechanism that will lead to the appearance of the injury 

itself. This injury mechanism is defined as the process by which gives origin of the injury; in other 

words, it is the procedure by which a biomechanical response causes deformations in the biological 

system beyond the recovery limit, yielding anatomical and functional changes. 
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Figure 3.1 – Flowchart representing the Load-Injury Model dynamics. 

 

There are three main injury mechanisms: injury by compression, by impulsive loads and by 

inertia. Compression causes injury if the elasticity tolerance limits are exceeded, i.e., the elastic 

stiffness protects the body from crush injuries for low impact speeds. The injury might occur due to the 

slow body deformation (crushing) or also due to high velocities. Relatively to impulsive loads, this type 

of injury mechanism is characterized by the application of high loads in reduced time intervals. In 

these circumstances, it occurs a shock wave propagation that results in internal injuries if the viscous 

tolerance is exceeded. As to inertia injury, high accelerations cause tissue rupture as well as internal 

structure rupture due to inertial effects. These injury mechanisms are here presented in Figure 3.2 . 

 

 

 

 

 

 

 

 

 

Figure 3.2 – Injury mechanicms (source: Wismans, W., et al. 1994). 
 

Therefore, the inertial and viscous properties determine the force developed and limit 

deformation. The risk of skeletal and internal organ injury relates to energy stored or absorbed by the 

elastic and viscous properties. The reaction load is related to these responses and inertial resistance 
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of body masses that combine to resist deformation and prevent injury. When tissues are deformed 

beyond their recoverable limit, injuries result (Viano, D., et al. 2000). 

So, a biomechanical response does not necessarily result in injury. As seen, accelerations and 

deformations are used for the formulations of an injury criterion. This injury criterion is defined as a 

physical parameter or a function of several physical parameters, which correlates well with the injury 

severity of the body region under consideration (Wismans, W., et al. 1994). Thus, injury risk curves 

were developed, mostly based on data from real case studies and experiments using animals, Post 

Mortem Human Surrogates (PMHS) or human volunteers. In the case of an injury risk curve is 

available, it can be used for injury assessment. This means that with information of the human body 

response it can be determined what the injury risk is for a specific load on that body part, as we can 

see in Figure 3.3 (Schneck. D., 2000). 

 

 
Figure 3.3 – Flow Chart: Determining Injury Tolerance Levels for Body Regions. 

 

The boundary conditions for which the injury criteria or models were developed are very 

important and will give more information about the validity of the risk curves. Sometimes, 

anthropomorphic factors such as age and gender, are included in the risk curves, however, the data 

set is usually too limited to differentiate for these factors since different persons, most likely, have 

different biomechanical tolerance limits (Praxl, N., 2011). 

Injuries can roughly be divided into slight, severe and fatal injuries. While this graduation meets 

the requirements of several purposes, accident investigation and the evaluation of the severity of road 

accident injuries demands more specific and detailed methods. The injury risk curves are used to 

define the injury risk for a given human body response, being usually defined per body region and for 

specific injury severities. Injury severity can be defined using a proper scale, where each injury is 
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defined as a numerical classification of the type, anatomical location and severity of injury. The most 

world wide used anatomical scale is the AIS - Abbreviated Injury Scale (Rautji, R., et al. 2006). 

The AIS is an anatomical scoring system that was developed in 1971 as a system to define the 

severity of injuries throughout the body and which is regularly revised and up-dated by the AAAM - 

American Association for Automotive Medicine. After some revisions and updates, it can now establish 

itself as a system with reasonable accuracy regarding the classification of injury severity. In this thesis, 

it was used the AIS 2005 version (AAAM, 2005). The AIS is an ordinal scale ranging from 0 (non-

injured) to 6 (maximal–currently untreatable) – Table 16 . 

Table 16 – AIS ordinal scale and Fatality rate (source: Wismans, W., 2000). 

 
 

 

 

 

 

 

The dictionary for AIS scaling is provided in the AIS Manual, organized into nine chapters, 

including: head (cranium and brain); face; neck; thorax; abdomen and pelvic contents; spine (cervical, 

thoracic, and lumbar); upper extremities; lower extremities, pelvis, and buttocks; and external (skin), 

thermal injuries, and other trauma. Within each chapter, detailed injury descriptions are provided for 

each specific anatomical component. Thus, in addition to the single numerical code, there is a 6 digit 

numerical identifier. For example, the femoral shafts fracture has a code represented by – 851814.3. 

The first number (8) provides information about the body region (in this case, lower extremity); the 

second (5) about the type of anatomic structure (skeletal); the third and fourth (18) about the specific 

anatomic structure (femur); the fifth and sixth (14) about the level of injury (shaft) and, lastly, the final 

number (.3) indicates the AIS severity score (AAAM, 2005).  

The body areas that undergo the punctuation score with AIS are divided as follows (TRAUMA, 

2012): 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. A crucial disadvantage of AIS is 

that it refers to the severity of one single injury only. However, pedestrian accidents frequently lead to 

multiple traumas. Due to this restriction, the Maximum AIS (MAIS) and the Injury Severity Score (ISS) 

complement the AIS system. The main difference between these two is that MAIS does not have a 

linear relation with death probability. To describe an overall injury severity for one person with multiple 

injuries, the MAIS is used. It represents the highest AIS value sustained by one person on any part of 

the body, even if the person in question sustained several injuries of the same severity level at 

different body parts. By comparing AIS and ISS, the main advantage of ISS is that it was specially 

designed for multiple injuries. For the ISS calculation, we distinguish six different body regions: head, 

face, chest, abdomen, extremities including pelvis and external (i.e. burns, lacerations, abrasions, 

contusions independent of their location on the body surface). Then, the highest AIS score for each 

Injury Severity AIS Severity Code Fatality Rate (range 
%) 

0 Non-injured 0.0 
1 Minor 0.0 
2 Moderate 0.1-0.4 
3 Serious 0.8-2.1 
4 Severe 7.9-10.6 
5 Critical 53.1-58.4 
6 Maximum (currently untreatable) … 
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(3.1)  

body part is determined. The respective AIS values of the three most severely injured body regions 

are squared and then added together resulting in the ISS. The ISS scores range from 0 to a maximum 

75. AIS6 injuries automatically receive the maximum ISS of 75, regardless of the existence of further 

injuries (TRAUMA, 2012). However, one should be alert to the fact that any error in assigning an AIS 

score increases greatly the error in ISS scoring system. Another limitation is that this system is not 

capable of being used as a screening tool, since it needs a previous research work to be applied as 

so. Furthermore, the severity is described regarding its importance to the whole body, assuming that 

the described injury occurs to an otherwise healthy adult. Also, it has to be noted that the AIS 

considers only the injury and not its consequences (Schmitt, K., et al. 2010). 

Throughout time, several researches pointed out some limitations of ISS in spite of its 

widespread application (Cayten et al, 1991; Osler et al 1997; Sacco et al 1999). Thus, Osler et al 

(1997) proposed a new method to overcome ISS limitations – New Injury Severity Score (NISS). 

Unlike ISS, it considers the three most severe AIS injuries regardless of body region, whose score 

results from the sum of the squares of these 3 body regions. By doing so, it overcomes the exclusion 

of some injuries from the measurement process since ISS takes into account only a single injury per 

body region, thus not being a good method when patients have multiple injuries in the same body 

region. Also, when multiple injuries occur in the same body, ISS needs an injury from a second region 

for its calculation leading, sometimes, to a less severe injury ISS score (Osler et al 1997). Whitaker, I., 

et al (2003) studied the difference between ISS and NISS scores, determining that NISS identified 

significantly more (42.46%) major trauma patients than ISS (34.18%). Also, Osler, T., et al (1997) and 

Brenneman, F., et al (1998) pointed out that NISS was more predictive of survival and performs better 

statistically than ISS. In a bibliographic review, performed by Nogueira, L., et al (2008), from 19 

selected articles that compared NISS and ISS, it showed that for populations between 1,000 and 

10,000 resulted in NISS-favorable results, whereas studies with populations larger than 10,000 or 

smaller than 1,000 showed either NISS-favorable results or no difference between the two groups. 

However, there were no studies showing ISS-favorable results. Despite all of these differences, ISS 

and NISS indicate to be the best scoring systems for the decision of life threatening injury comparing 

with other methods (Fedakar, R., et al. (2007). On this thesis, it will be used the NISS afterwards as 

the injury severity scoring system. 

So, for the purpose of injury risk predictions as previously described, the most direct approach 

makes use of the ratio between the load imposed on an anatomic structure and the load-carrying 

capacity of that structure, i.e. the loads necessary to cause injury (Hayes, W., et al. 2007). This can be 

formalized by defining the factor risk ∅, being expressed as follows: 

 

∅ =
!""#$%&  !"#$%
!"#$%&  !"#$%

 

 

where ∅ < 1 injury is defined as unlikely and for ∅ ≫ 1 as likely, thus considering separately the 

weight of the loading factors from the factors that influence the body part vulnerability to injury. This 

factor risk has to have into consideration the same loading conditions, i.e., it would be inappropriate to 

consider, in the numerator, tension and extension loading conditions and compression or flexion 
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(3.3) 

(3.2)  

loading condition into the denominator. Hayes, W., et al. (1996) used the factor risk to describe 

important factors related to age fractures on the hip. However, when ∅ = 1, this approach stays in-

between an individual being uninjured or injured, thus not reflecting the statistical variability inherent 

both in the applied loads and in the load-carrying capacities or tolerance limits of anatomic regions 

(Hayes, W., et al. 2007). To add this statistical variability into the loading and tolerance data, injury risk 

functions are used. These functions purpose is to correlate and find relationships between the 

probability of injury and a certain parameter, for example, to a subject’s age or mechanical load at an 

anatomic region. With this objective, laboratory human experiments in cadavers are undertaken 

aiming to point out and determine biomechanical response and injury tolerance level data (Hayes, W., 

et al. 2007). In this process of generating injury risk functions, we can apply different statistical 

methods to study data, being the most used the linear logistic model mainly due to its ease of use and 

also because other models equally represent the biomechanical data  (Bahr, R., et al. 2003; Hayes, 

W., et al. 2007). This linear model is expressed as follows: 

 

! =
1

1 + !! !! !!!!!!
!!!

 

 

where ! is the probability, ! is an intercept, and !! are the coefficients associated with each 

independent predictor variable !!. The model’s estimation error is, as expected, reduced as the total 

data sample size increases.  

We will describe, as an example of these injury risk curves, the head injury curve. Regarding 

head injuries, the most commonly used criterion is the HIC (Head Injury Criterion). The current version 

of the HIC is computed as (Kleinberger, M., et al. 1988): 

 

!"# = max !
!!!!!

! ! !"!!
!!

!.!
!! − !!  

 

where !! and !! are arbitrary times within the acceleration pulse and ! !  is the gravitational 

acceleration calculated on the head’s center of mass. The time interval !! − !!  to choose has to 

maximize the term in brackets of the function, i.e., it is the time interval that HIC value is maximum. 

Regarding the HIC calculation, we choose time intervals of 15 ms for accidents that involve direct 

contact with the head and of 36 ms for accidents that don’t. The threshold value for each case is of 

700 and 1000, respectively, values from which are expected serious and permanent injuries for male 

adults, corresponding to a linear acceleration at the head of about 60 g. In case there is no evidence 

of direct contact, these injurires are considered if there is a peak acceleration exceeding 80 g 

(Eppinger et al., 1999; NHTSA, 2000b; Silva, 2004; TNO, 2004; Euro NCAP, 2004 e Schmitt et al., 

2010). Later analyses of several experimental data regarding HIC resulted in the formulation of 

expanded risk curves that approximate HIC distribution for each AIS injury severity level (NHTSA, 

1995), as showed in Figure 3.4 . 
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Figure 3.4 – AIS correlation with HIC and Probability of injury (%) (source: NHTSA, 1995). 
 

When transforming these experimental results into the real world injuries, there are several 

aspects that we should keep in mind: there can be some problems like the small number of tests that 

were performed; biomechanical responses are different between human test subjects (cadavers) and 

living humans; anthropometric differences between laboratory surrogates and real-world population at 

risk; and large spread data mainly due to different researchers approach. Also, although this cadaver 

testing is essential to the development of human injury tolerances, it also has a number of inherent 

variables. Cardiopulmonary pressurization, post mortem tissue degradation, muscle tension, age, 

gender, anthropometry, and mass are all factors which produce considerable variability in test results 

(Eppinger et al., 1999). Besides cadaver testing, there are also other indirect injury measurement 

methods, each one with its own limitations, such as: testing with human volunteers below the injury 

level; animal testing; computer simulation; crash reconstructions; and utilization of crash test 

dummies. Testing with human volunteers has the obvious disadvantage in that testing is made at sub-

injuries exposure levels and, also, problems when documenting the results since the instrumentation 

measurements must be non-invasively attached. Animal testing has the need to translate results 

between different anatomies to human scale injuries. Regarding crash reconstructions, they provided 

valid injury data under normal human physiological conditions; however, the forces and accelerations 

associated with those injuries must be estimated. Relatively to computer simulations and testing with 

crash test dummies, despite their valuable obtained data, these methods are dependent upon 

information obtained through the other referred methods (Eppinger et al., 1999; Schmitt, K., et al. 

2010). 

Despite their limitations, each provides valuable information regarding human tolerance levels, 

establishing a number of well-founded relationships that link mechanical loads to injury probability - at 

least for certain injuries and injury mechanisms, respectively, as we can see for example in Table 17  

(van Rooij, L., et al. 2003). However, work is this area is by far not finished and revisions of existing 

criteria on the basis of new findings are not uncommon (Schmitt, K., et al. 2010; NHTSA 2011). 

This short review indicates that there are important gaps in our biomechanical knowledge of 

population variations of injury tolerance levels. This requires particularly more accurate and more 



 

 

 

 

44 

representative real-world crash injury studies that will outline the necessary population characteristics 

and their variations (Kent, R. et al. 2006). 

Table 17 – Injury Criterions and threshold values for several body parts (source: van Rooij, L., et al. 2003). 

 

For the years 2011 to 2015, NHTSA (2011) identified the highest biomechanics priorities, which 

includes: further analysis on injury causation by integrating medical and engineering crash data; age-

adjusted injury criteria research and/or development of dummies, tests and models to asses their 

protection; computer models to predict injury; and post-crash prediction of injury severity. 

3.2 The ageing population 

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. In most societies, older 

adults comprise the fastest growing segment of the population. 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% (Giannakouris, K., 2008). Based on Leão, 

C. (2011) and data from OECD (2012a), it can be observed that older groups in both genders will tend 

to growth and represent a bigger share of the society over the years (Figure 3.5Figure 3.5). This 

Body region Injury Criterion Value Injury Level 

 
 

Head 

HIC [value] 1000/700 
Low probability of serious injury HIC [time window] 36/15 ms 

Max. linear acceleration (g) 85 
Angular velocity change (rad/s) 

and angular acceleration (rad/!!) 
!! > !"  
!" < !""" AIS 3 

 
 
 

Neck 

F shear (N) 845 Tolerance level 
F Tension (N) 3290 

Dummy IARVS (an Nij value of 1 
corresponds to a 15% risk of AIS 3+ 

neck injury) 

F compression (N) 4000 
Nij – Ftens-int (N) 6160 

Nij – Fcomp-int (N) 6160 
Nij – Mx-int (Nm) 216 

 
 

Chest 

Peak lateral acc. of T8 (g) 45.2 25% probability of AIS 4+ Peak lateral acc. of T12 (g) 31.6 
TTI(d) (g) 85 Dummy IARV 

(VC)max (m/s) (to whole thorax) 1.47 25% probability of AIS 4+ Compression (%) (to whole thorax) 38.4 
Abdomen Force (kN) 7.48 25% probability of AIS 4+ 

Pelvis Force (kN) 7.98 25% probability of fracture 

 
Femur 

Axial Force Fz (kN) 10 Injury threshold 
Anterior-Posterior Bending 

Moment Mx (Nm) 524 Fracture threshold 
Lateral Bending Moment My (Nm) 524 

 
 

Tibia 

Lateral acceleration (g) 150 40% risk for AIS 2+ lower leg fracture 
Axial Force Fz (kN) 10.4 Failure threshold 

Tibia Index – Fcr (kN) 18.3 On set injury Tibia Index – Mcr (Nm) 450 

Knee Bending Angle (degrees) 14.6 Injury threshold Shear Displacement (mm) 16 
Ankle Inversion/eversion angle (deg) 28 25% risk of injury 
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means that there will be increasing numbers of older people in the community on the roads as drivers 

and pedestrians. 

 

 
Figure 3.5 – Demographic prediction for the population in Portugal, by gender (source: OECD). 
 

It is predicted that the safety and mobility of older road users is likely to become a major issue in 

the years ahead, in part, as a consequence of the increasing number of older road users in the 

community. This increase 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. 

Furthermore, on Chapter 2, we have seen that older pedestrians have an increase of the odds of 

having severer injuries than younger road users. Regarding this vulnerability of older adults and taking 

into consideration the ageing of the population worldwide, this issue has to be seen as a major treat to 

road safety matters. Numerous pedestrian road safety studies focus on engineering as the source of 

causing the rise in injuries and fatalities. This area will be acknowledged, but the focus of this chapter 

will be on understanding elderly pedestrians and their behavior, pointing out the main differences 

between different age groups. Thus, we have a unique opportunity here to address the emerging 

issues surrounding the safety of older road users and to formulate sound policies, programs and 

services in order to support their continued safety and well-being. 

On the following sections, we will undertake a review based on an elderly person’s judgment 

and performance, trying to understand elderly pedestrians and their behavior. 
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3.2.1 Elderly biomechanical features 

3.2.1.1 Bone structure 

It is known that the frailty of older pedestrians reduces their ability to withstand collision impacts 

and recover from an injury. From several factors that influence this fact, bone proprieties are one of 

the most important factors, since one of their functions is to support and protect the various organs of 

our body, constituting part of the endoskeleton. 

Bones exist in various forms: cortical bone constitutes the shaft (metaphysis) of the long bones 

as well as the outer layer of other bones, while trabecular bone is located mostly in the medullary 

canal of long bones, particularly in regions close to joints (epiphysis) as well as in the spine and in 

bones whose primary task is not to support loads (like, for example, skull, iliac crest, etc.).  

A fracture is a mechanical event that results from the load (force or moment) applied to a bone 

exceeding its ability to bear load. Here it is implicit the concept of bone strength, which in engineering 

mechanics, it is a material property defined as the stress (force per unit area) at which failure occurs. It 

is also important to note that the cortical bone is a composite of collagen molecules and nanocrystals 

of a mineralized form of calcium called hydroxyapatite (HA). Mechanical properties of stiffness, 

strength and toughness arise from both the characteristic structure at the nanoscale, and at multiple 

length scales through the hierarchical architecture of the bone, represented in Figure 3.6  

(Zimmerman, E., et al., 2011). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 – Bone architecture at multiple levels (source: Zimmerman, E., et al., 2011). 
 

Researchers regard changes in bone quantity as the most responsible for the age-related 

fracture risk. Although, internal changes in the bones’ structure with age are also likely to affect its 

toughness (Nalla, R., et al., 2005).  Thus, as a consequence of a loss in bone mass (osteoporosis), the 

risk of bone fracture increases markedly with aging. At the nanoscale, distinct changes in the collagen 

environment occur, specifically in the degree of cross-linking, as already referred. At the 

submicrometer scale, the nature and properties of individual collagen fibrils deteriorate. And at scales 

between 1 and 100 µm, bone’s structure changes due to an increased density of osteons, which have 

perhaps the largest effect on the macroscale fracture toughness (Nalla, R., et al., 2006). 
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Consequently, with age, the density and diameter of the structures decrease, especially among 

postmenopausal women trabecular bones. In Figure 3.7 it is shown the marked difference in 

trabecular bones’ architecture in a young man and an elderly woman. Nonetheless, internal changes 

in the bones’ structure with age are also likely to affect its toughness in ways analogous to those in 

cortical bone (Ritchie, R., et al., 2009). 

 

  

 

 

 

 

 

 
Figure 3.7 – Trabecular bone structure: (a) young man; (b) elderly women. 

 

Therefore, cortical bone’s strength and toughness come from mechanisms that dissipate energy 

at many different structural length scales. These structures are affected by biological factors such as 

aging that impair bone quality, operating also at these differing scales. In addition to aging factor, the 

composition and the structure of both compact and spongy bone vary with factors such as skeletal 

site, gender, physiological function and mechanical loading (Ritchie, R., et al., 2009).  

In fact, prior to an irreversible state where fracture occurs, there are two more phases that 

characterize this process: the viscoelastic deformation behavior, followed by a plastic deformation 

phase. In soft tissues, plasticity is mainly due to an in general reversible rearrangement of tissue 

fibers. In the case of hard tissues, the processes underlying plastic deformation are less clear, they 

can however be visualized experimentally (Nalla, R., et al., 2004). While soft tissues in young children 

are highly deformable, with increasing age, stiffening sets in. This effect is mainly due to decreasing 

water content and increasing fiber cross-linking. While the total body water during adolescence 

amounts up to 70% body weight, it decreases down to almost 50% in old age (Schmitt, K., et al., 

2010). The younger a child the more bendable a bone is because of the gradual development of 

mineralization. Accordingly, fractures denoted as "greenstick" fractures are observed in children in 

contrast to adults where fractures tend to exhibit a more brittle appearance. 

3.2.1.2 Gait problems 

The ability to walk normally depends on several biomechanical components. Due to muscular 

and skeletal weakening, the elderly lose agility, endurance, increase their reaction time and decrease 

the ability to maintain balance and to cope with losing balance. Also, they try to compensate these 

issues by adopting a more rigid posture, shortening their stride length. Therefore, it decreases their 

ability to react quickly when they need, for example, to get out of the way from an approaching car. 

Also, this ability to walk normally includes free mobility of joints, mainly in the legs; appropriate timing 

and intensity of muscle action; and normal sensory input, including vision, proprioception and 



 

 

 

 

48 

vestibular system. Muscle weakness is an extremely common finding among the aged population 

when looked for, mostly stemming from disease and inactivity rather than ageing per se (Rubenstein, 

L., 2006 and Oxley, J., et al., 2004). 

Gait and balance problems can be due to age-related changes, as well as from specific 

dysfunctions of the nervous, muscular, skeletal, circulatory and respiratory systems or from simple 

deconditioning following a period of inactivity. Readily identifiable gait problems adversely affect 

function in 20–40% of people aged >65 (and 40–50% of those aged >85) (Rubenstein, L., 2006). 

3.2.2 Age-related functional impairment 

The biological processes of ageing impair a number of functions that are relevant to pedestrian 

behavior. In general, little is known about the precise relationship between specific impairment and 

accident risk (Dunbar, G., et al., 2004). However, in this section, we set these patterns of functional 

loss in the context of the demands of the pedestrian task. Although in the literature review it was often 

found summarized patterns using averages. One of the key conclusions of research in this area is that 

variation increases with age, being all this patterns related and dependent between each other. 

3.2.2.1 Deteriorating of hearing and eyesight 

Despite a considerable variation between different individuals, older people experience a 

decline in hearing and vision as a result of normal ageing and disease. Visual impairment can affect 

the ability to detect, identify, and locate objects, especially moving objects, and is greatest in darkness 

or poor light (Oxley, J., et al., 2004). Also, there can be a decline in higher order visual processing, 

being this a typical environment in zones with dense traffic, when crossing two-way streets or 

understanding road complexities such as joins and traffic lights. In addition, visual abilities and 

estimations of speeds for oncoming vehicles are decreased at dusk and dark hours (SMS, 2003). 

Some of these problems can be enhanced when having certain conditions (Figure 3.8 ). 

 

 

 

 

 

 

 
Figure 3.8 – Eye conditions: (1) Farsightedness, (2) Nearsightedness, (3) Peripheral vision (source: ACT3). 

 

Hearing problems are also likely to affect the detection and localization of objects in the road 

environment. These functions are believed to be important in the pedestrian task, in which vehicles, 

other pedestrians, obstacles, and the physical relationships between them need to be perceived. 

There is some evidence that problems with vision or hearing affect pedestrian safety, but few direct 
                                                        
3 http://www.seniorsmovingsafely.org.au 
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links have been drawn with specific sensory losses (Oxley, J., et al., 2004). On the other hand, it also 

affects the safety of drivers, and so, because the pedestrian task has much in common with driving, it 

can be expected that the same problems will be associated with increased pedestrian accident risk. 

3.2.2.2 Cognition 

Some attentional functions, which are cognitive processes that regulate, control, and manage 

other cognitive processes such as sustained attention, are not impaired in older people (Elliott, R., 

2003). In simple search tasks or familiar, routine, and well-learned tasks, they show a smaller range of 

impairment in older age (Oxley, J., et al., 2004). However, in more complex situations there is a larger 

difference between older and younger people’s cognitive performance. Older people have greater 

difficulty with situations that require dividing attention between more than one task or piece of 

information when pressured to think quickly, switching attention, complex visual search, and ignoring 

distracting information, particularly if it is moving like when a car appears and they have to integrate 

both distance and velocity information (Oxley, J., 2001). Analysis of the pedestrian task suggests that 

these difficulties would have a negative effect on performance, and there is some evidence for direct 

links with pedestrian behavior like the difficultly in selecting safe gaps to cross the street. However, 

studies have found that relevant attentional skills can be improved by training. 

3.2.2.3 Diseases and medication 

Objective evidence relating specific illnesses or functional measures to pedestrian skill or risk is 

rare in the literature. Although, the use of medications can impact on reflexes and reaction times, 

cause drowsiness, affect eyesight, reduce muscle strength, affect spatial judgment, level of 

consciousness, cognitive resources, and balance and speed of movement (Dunbar, G., et al., 2004). 

Also, the use of more than one medication can induce possible interactions between medications, thus 

enhancing their impact regarding pedestrians’ tasks. Older people’s reactions to some medications 

are different than younger people, and these can sometimes combine with pre-existing age-related 

deficits (e.g. in cognition) in a way that could increase risk for pedestrians (Oxley, J., et al., 2004). 

Several diseases can contribute and influence pedestrian’s actions and their vulnerability as 

road users. Arthritis is a disorder, with a greater incidence among the elderly, which causes severe 

pains and restrictions in pedestrian’s ranges of motion. This may also impair head and body 

movement to look around, and it also results in difficulties walking. With an aging population, the 

arthritis numbers within the population are expected to increase (Cheng, Y., et al., 2010). Also, 

Parkinson’s disease results in slowness of movement, rigidity, tremor, and extra-ocular motor 

abnormalities. Other ramifications of Parkinson’s disease are mental slowness, lack of initiative, 

forgetfulness, impairment of cognition, and mood disturbance (Dunbar, G., et al., 2004 and Morris, M. 

2000). Conditions such as stroke and diabetes, as well as physical problems affecting movement, are 

linked to self-reported difficulties crossing the street (Oxley, J., et al., 2004). 
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3.3 Statistical analysis of age risk factors within pedestrian road accidents 

The studies reviewed above illustrate behavior and physical ability that puts the demographic at 

high risk. Seniors tend to spend a lot of time walking, which means they are confronted with traffic-

related decisions quite often. It is also important, when reviewing crash statistics, to take into 

consideration the frailty of elderly pedestrians since their likelihood of dying in a pedestrian accident is 

increased compared to a younger and physically fit adult involved in the same crash scenario, as we 

have seen in Chapter 2. 

Regarding this relationship between the age risk factors and pedestrian road accidents, and 

being this area an emerging issue that is developing in our society, a statistical analysis can be quite 

useful for the exploitation of the influence of several road factors on different pedestrian age groups 

fatalities. Also, epidemiology is of fundamental importance when dealing with trauma biomechanics. In 

this field, identifying injury risks and analyzing the causative factors are frequent issues and, based on 

epidemiological evidences, we can develop intervention strategies and technical and legal 

countermeasures aiming to reduce the number of accidents. Whether applied measures are effective 

or not, can only be decided relying on statistical analysis, which often require long-term studies. 

Therefore, acquiring an in-depth analysis of real world accident data is an extremely important 

research tool and prerequisite, especially when dealing with trauma biomechanics field towards injury 

mitigation and prevention (Schmitt, K., et al., 2010). However, 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. Moreover, few interventions have been suggested or 

implemented. 
Based on the literature review on this last chapter regarding differences in pedestrian road 

accidents between different pedestrian age groups, the objective is to identify 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 (IRTAD, 2011). Therefore, in this case, it was intended to 

undertake a statistical analysis combining information from both parts in an attempt to identify the 

factors likely to influence certain types of injuries and their severities. 
In this chapter, it was applied the Multinomial Logistic Regression Model to increase confidence 

level in the process of identifying the differences of accidents by age group, using SPSS software 

version 19 for such statistical data analysis. 

3.3.1 Data sources 

In the database from ANSR, as seen before, it contains information about the accidents with 

pedestrians in Portugal, more concretely information about: date and time of the accident; vehicle 

category; geographic information; pedestrian road accidents location at the road; the nature of the 

accident; weather and light conditions; road category; type of intersection on the road; condition and 

grip conditions of the track; road signaling; demographics; injury severity; year of driving license; 
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driver’s and pedestrian’s actions before the accident; and alcohol rate from pedestrians and drivers. 

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. 

Other relevant information about the pedestrian’s condition before dying can also come from a 

Hospital or Clinic (if the victim was hospitalized) and INEM, being all of this information available at the 

institute’s final autopsy report.  

The gathered data from INMLCF came from 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. 

From the INMLCF informatics database, the reports were searched by the key words “road 

accidents” and “pedestrian road accidents” for the years between 2009 and 2011. There are different 

types of data collection like, for example, Medico-Legal autopsies and Clinical or Pathological 

autopsies (Russel, S., 2008). From these two, it was chosen the Medico-Legal autopsies, thus 

including in this study only pedestrians who have died. Also, it was given the possibility of consulting 

concluded processes (with autopsy’s final conclusion) or preliminary reports (awaiting diagnostic 

procedure results or documentation to reach the final conclusions), opting only for the concluded 

processes. Given these search criteria, there were around 800 cases identified by the key words. 

From these 800 cases, it was selected 116 autopsy reports. It was necessary to organize the data 

after, since it was intended to have crossed information from the two considered databases (ANSR 

and INMLCF), resulting in some mismatches. Therefore, it led to an elimination of 16 entries. Thus, 

the final number of casualties (100) with pedestrian road accidents in the statistical model was 

different from the total number of observations (116) in the database.  

3.3.2 Methodology 

The purpose of this statistical analysis is to determine, amongst pedestrians who suffered fatal 

injuries following the accident, which were the main factors that influence these pedestrian road 

accidents grouped by different ages and, also, their resultant injuries classified by the AIS and NISS 

injury scales. Defining precisely the aim of the work, which is intended to test hypotheses, the control 

variables and their measurement scales, the foundations are established to select the appropriate 

statistical tests for the desired analysis. 

3.3.2.1 Variables 

To accomplish the objective of the statistical analysis, pedestrian’s age was defined as the 

dependent variable and, more specifically, as a nominal variable. When grouping pedestrians by 
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different age categories, it was found that at previous studies there was no pattern of how to group 

them. Nonetheless, the category division was based mainly on Henary, B., et al., (2006) where there 

was a division for seniors (age greater than or equal to 60 years) and for adults (age 19-60 years). 

Therefore, it was decided to group the age 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. 

The independent variables, covariates or factors as they are named in Statistics, are the 

variables that are the causes and probably crucial determinants in different age group outcomes. 

These variables/predictors were selected based on the database provided by ANSR and INMLCF and 

on the literature review. When selecting independent variables, it was considered 35 variables at the 

beginning of the statistical model. 

Regarding ANSR’s database, it was considered independent variables such as: demographical, 

behavioral, natural environmental, road environmental, vehicle design/category and also geographical 

factors. To avoid repeating information, it will not be describe all of the chosen independent variables 

since, on Chapter 2, it was used practically the same variables (with the exception of driver’s license; 

district; and pedestrian and driver alcohol blood rate) although some categories disappeared since 

there were categories that did not occurred. Nonetheless, some changes were made when choosing 

and grouping some variables, more concretely for the hour of the accident, as it will be describe now. 

The hour of the accident, a continuous variable, was converted to a nominal variable by grouping the 

hour of each accident as follows: two rush hour periods (16h until 19h59 and 8h00 until 11h59), 

evening (12h until 15h59), night (20h until 23h59), twilight period (00h until 3h59) and dawn (4h until 

7h59). This division was accordingly to previous studies like Knowles, J., et al., (2012). 

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 (Rautji, R., et al. 2006) being an ordinal scale ranging from 0 (non-injured) to 

6 (maximal–currently untreatable). The body areas that undergo the punctuation score with AIS are 

divided as follows (TRAUMA, 2012): 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. Then, 

since ISS and NISS are specially designed for 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 

on a scale from 0 to 6 and also it was used the NISS score, grouped in 6 categories as follows: from 9 

to 15, 16 to 24, 25 to 40, 41 to 49, 50 to 74 and 75. This division was accordingly to previous studies 

such as Whitaker, I., et al (2003). It was also included an independent variable to check the days until 

death for each pedestrian group, grouping in different categories like: less than one day, one to five 

days, five to ten days, ten to thirty days and greater than thirty days.  

A complete description and frequency distribution of all independent variables considered in the 

statistical model is presented in Table II.1 (Appendix II). 
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3.3.2.2 Statistical Model 

The selection method of the proper statistical tool depends on the hypotheses to test and the 

nature of the data that is intended to analyze. In this current investigation, the goal was to determine 

the influence of the predictors previously described on pedestrians grouped by age (our dependent 

variable) which suffered fatal injuries. That is, the objective is to ascertain a relation between 

variables, which at the beginning were continuous or transformed to nominal to guarantee the 

uniformity of the statistical model. Taking in consideration these presented conditions, it was verified 

that the logistic regression is the appropriate statistical technic to apply to this database. And, having 

regard to the dependent variable’s nature (nominal), we used the multinomial logistic regression. 

Since this regression was previously introduced, it will not be approached into much detail in 

this chapter the statistical theory and mathematical equations behind the method. For further 

information, consult Chapter 2. Nonetheless, it is important to refer that it was used the usual CI 95% 

and also the critical p-value associated of 0.05 (significance), being the exclusion criterion p> 0.05 for 

independent variables. Note that a significant association does not prove that the independent variable 

has a causal effect on the dependent variable, merely indicating that the variation in the outcome of 

the dependent variable can be explained by the considered factor (Norusis, 2004). 

3.3.3 Results 

It was used the MLR since it was intended to evaluate which factors contribute to the 

occurrence of fatalities in each of the age groups of pedestrians considered. At first, it was verified that 

the SPSS program warned about the existence of singularities in the model’s hessian matrix. This 

generally represents that the model has to many variables. Having the complete model as reference, it 

was proceeded an optimization of the model based on the deletion or collapse of categories from the 

independent variables, followed by removing progressively independent variables, thus obtaining a 

less complex model and avoiding random effects (Garson, G., 2006). This process of removing 

independent variables has to be done in a methodical way since a random removal may reduce the 

validity of the model. Simultaneously, it was intended to ensure that the final model lost no significant 

information taking into account the empirical relevance recognized in the literature of various factors 

on the causal relationship with the dependent variable. It was then necessary to make a compromise 

between a model with more detail and a reduced model with a higher level of confidence in their 

results, with the best-fit possible, but still with the variables that, as far as it is known, are important 

and describe the response variable. So, since there were many independent variables and MLR 

model does not support a large number of variables, it was decided to remove some of the 

independent variables and undertake a category grouping approach. 

In the process of obtaining the final adjusted model, it was excluded the first age group (<16 

years), due to the fact that it had a small number of observations, thus obstructing an extrapolation of 

the results for the considered population. 

To assess the quality of the model, the Pseudo !! parameters were used. These parameters 
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are defined as the proportion of the variance of the dependent variable that is explained by the 

independent variables (Hu, B., et al., 2006). Pseudo !! parameters of Cox and Snell were used, being 

calculated based on the likelihood function. It was intend that this value got close to one to ensure an 

appropriate adjustment. If it is equal to 1, the adjustment is perfect. Still, it can also be taken into 

account the Nagelkerke Pseudo !! statistic, having the same meaning as above, and the last 

adjustment indicator of the model is the McFadden Pseudo !! and it should have a value near 0,4 

(Joost, S., et al., 2010 and Luedtke, J., et al., 2009). 

In a logistic regression with more than one explanatory 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 (Hosmer D., et al., 2000). In statistics, this is called a 

stepwise regression in which the choice of predictive variables is carried out by an automatic 

procedure (Bewick, V., et al., 2005). In this model, it was chosen the forward approach, which is a 

selection procedure where variables are sequentially added to an "empty" (intercept only) model. It 

can be said that the independent variables that were not included in the adjusted model were not 

significant and did not correlated with the dependent variable. 

After experimenting with several models using the forward method, there was only one variable 

to explain pedestrian’s age dependency and fatality. This variable was the brightness (“Illumination”), 

including two scenarios: "With reduced light" (that aggregates the cases with night lighting, night 

without illumination, in dawn or twilight) and the second situation is "in broad daylight". It is present in 

Table 18 the number of subjects in each of the classes in the model. 

Also, in Table 19 , there is information about the evaluation of the fit of the model. As it can be 

observed, the 2Log statistic decreases in the final model, which indicates a proper adjustment, also 

confirmed by the level of significance below 0.05. The remaining variables were excluded, since even 

after reducing the number of classes, they continued to show a high level of significance (p-value > 

0.05, meaning that they were non significant) when trying to explain the relation between the age of 

the pedestrians and the fact that they suffered fatal injuries. 

Table 18 – Number of subjects within each variable category. 

Variable (SPSS name) Variable Category N Marginal 
Percentage 

Pedestrian’s age 

Less than or equal to 15 years 
old 5 5,0% 

16-39 years old 16 16,0% 
40-59 years old 22 22,0% 

Greater than or equal to 60 
years old 57 57,0% 

Illumination_V2 With reduced light 43 43,0% 
In broad daylight 57 57,0% 

Valid 100 100,0% 
Total 100  
Subpopulation 2  
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Table 19 – Model Fitting Information. 

Model 
Model Fitting Criteria Likelihood Ratio Tests 

AIC BIC -2 Log 
Likelihood Chi-Square df Sig. 

Null 
Final 

119,927 119,927 119,927    
63,628 79,259 51,628 68,299 6 ,000 

 

The Hosmer and Lemeshow test or Chi-Square adjustment is a convergence test between 

expected and observed probabilities. The result should be non-significant (p-value>0,05) in the 

Goodness of Fit test (Table 20 ). As null hypothesis, it states the assumption that the observed and 

expected values (under the validity of the model) are equal to zero, i.e., observed values are 

significantly different from those predicted (Bewick, V., et al., 2005). Also, in this goodness of fit tests, 

the outcome results are heavily influenced by sample size, where large samples and significant tests 

may not be important and, on the other hand, if there is significance and the sample is relatively small 

then the effect is notable. Since the level of significance associated with this test was greater than 

0.05, then it can be said that the adjusted model describes well the data. 

Table 20 – Goodness of Fit. 

 Chi-Square df Sig. 
Pearson 11,550 12 ,482 
Deviance 13,915 12 ,306 

 

The Pseudo !! Cox and Snell and Nagekerke statistics resulted in values close to 50% and 

Pseudo !! of McFadden was around 30%, which confirms the existence of a relationship between the 

dependent and independent variables (Table 21 ). Since the sample size is of 100 subjects, these 

values may be considered acceptable when estimating a parameter. Thus, in general, the model has a 

good fit. 

Table 21 – Pseudo !!. 

Cox and Snell ,495 
Nagelkerke ,528 
McFadden ,246 

 

The following table is important to assess the Wald statistic, which measures the significance of 

each coefficient and, like the t-student statistic in the linear regression model, the Wald statistic has 

the null hypothesis that each coefficient is equal to zero, i.e., that it does not contribute to explain the 

dependent variable (Bewick, V., et al., 2005). Particularly, in the adjusted final model that was 

obtained, since the significance levels were below 0.05 it can be concluded that the brightness of the 

day helps to explain the age of the pedestrian dependent variable (Table 22 ). 

The Exp(B) coefficients allows to quantify 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. 
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Table 22 – Parameter Estimates 

 
 

Pedestrian’s age 

 
 

Illumination_V2 
B Std. 

Error Wald df Sig. Exp(B) 

95% Confidence 
Interval for 

Exp(B) 
Lower 
Bound 

Upper 
Bound 

16-39 years old 
With reduced light 1,792 ,764 5,504 1 ,019 6,000 1,343 26,808 
In broad daylight ,288 ,764 ,142 1 ,706 1,333 ,298 5,957 

40-59 years old With reduced light 1,705 ,769 4,918 1 ,027 5,500 1,219 24,813 
In broad daylight 1,299 ,651 3,979 1 ,046 3,667 1,023 13,143 

Greater than or equal 
to 60 years old 

With reduced light 2,197 ,745 8,690 1 ,003 9,000 2,088 38,787 

In broad daylight 2,565 ,599 18,327 1 ,000 13,000 4,017 42,066 
a. The reference category is: Less than or equal to 15 years old 

 

Being significant categories identified at bold (Table 22 ), 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%, it can be considered 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. 

 • 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. 

 

Modern statistical methods rely heavily on nonparametric techniques for comparing two or more 

populations. These techniques generate p-values without making any distributional assumptions about 

the populations being compared. They rely, however, on asymptotic theory that is valid only if the 

sample sizes are reasonably large and well balanced across the populations. For small, sparse, 

skewed, or heavily tied data, the asymptotic theory may not be valid (Agresti, A., 2001). 

One way to make valid statistical inferences in the presence of small, sparse or unbalanced 

data is to compute exact p-values. Thus, it was use the Chi-square independence test, whose null 

hypothesis states that two variables are independent. For significance levels less than 0.05, we reject 

this hypothesis, thus the variables are associated. In this test, it assumes that the samples are taken 

independently or are unpaired. If we have a small sample size, it should be used the Fisher's exact 

test (Bower, K., 2003). Since in all performed analyses and resultant tables it was found that more 

than 20% of expected values were below 5, it was confirmed the necessity  for the Fisher's exact test. 
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After performing this previous analysis, it was an association between several variables, where 

four significant associations were registered. From a set of realized tests, it is presented only those 

that result in significant differences. 

As it can be observed in the previously presented model, there is an association between 

pedestrian’s age and the illumination variable when considered two grouped categories. Between 

pedestrians aged between 16 and 59 years, there are a greater percentage of pedestrian accidents in 

periods with low light. For young people under 16 years old and older pedestrians aged greater than 

or equal to 60 years, there is a higher percentage (60% and 68,4%, respectively) of pedestrians 

involved in road accidents at broad daylight. This pattern results in significant differences that leads to 

reject the hypothesis of independency between the age of pedestrians and illumination (Table 23 ). 

Table 23 – Bivariate Correlation between Illumination_V2 and Pedestrian’s Age with exact p-value.  

    
  

Pedestrian’s age 

Total 
 

Fisher’s 
Exact 
Test 

Exact 
Sig. Illumination_V2 

≤15 
years 

old 

16-39 
years 

old 

40-59 
years 

old 

≥ 60 
years 

old 
With reduced 

light 
n 2 12 11 18 43 10,126 ,014 
% 40,0% 75,0% 50,0% 31,6% 43,0%  

In broad daylight n 3 4 11 39 57 
% 60,0% 25,0% 50,0% 68,4% 57,0% 

Total n 5 16 22 57 100 
% 100,0% 100,0% 100,0% 100,0% 100,0% 

 

The previously observed pattern is also noted when considering the illumination variable 

described on five levels, without grouped categories (Table 24 ). The Fisher’s exact test resulted in a 

significance of less than 0.05, thus we should reject the hypothesis of independency between the age 

of pedestrians and illumination. Also, as noted earlier, young people aged between 16 and 39 years 

and adults aged between 40 and 59 years got into 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%). 

Table 24 – Bivariate Correlation between Illumination and Pedestrian’s Age with exact p-value. 

    
  

Pedestrian’s age 

Total 
 

Fisher’s 
Exact  
Test 

Exac
t Sig. Illumination ≤15 

years old 

16-39 
years 

old 

40-59 
years 

old 

≥ 60 
years 

old 
Dawn or 
twilight  

n 2 0 1 4 7 21,262 ,003 
% 40,0% 0,0% 4,5% 7,0% 7,0%  

Night, with 
illumination 

n 0 11 9 11 31 
% 0,0% 68,8% 40,9% 19,3% 31,0% 

Night, 
without 

illumination  

n 0 1 1 3 5 

% 0,0% 6,3% 4,5% 5,3% 5,0% 
Day  n 3 4 11 39 57 

% 60,0% 25,0% 50,0% 68,4% 57,0% 
Total 

  
n 5 16 22 57 100 
% 100,0% 100,0% 100,0% 100,0% 100,0% 
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If there is an association between illumination and age, it is expected that there is also an 

association with the time of the accident, since there is an association between the time and 

illumination (Table 25 ). Pedestrians under the age of 16 years old suffer an accident more often 

during the time period of 16h00 to 19h59 (60%). Pedestrians aged between 16 and 39 years are more 

frequently prone to fatal accidents 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, they got involved in accidents more 

frequently between 16h00 and 19h59 (33,3%) and between 08h00 and 11h59 (31,6%). This pattern 

contributes to explain the relationship between age and time of pedestrian road accidents. 

Table 25 – Bivariate Correlation between Time of day and Pedestrian’s Age with exact p-value. 

    
  

Pedestrian’s age 

Total 
 

Fisher’s 
Exact  
Test 

Exact 
Sig. Time of Day- 

hours 

≤15 
years 

old 

16-39 
years 

old 

40-59 
years 

old 

≥ 60 
years 

old 
20h00-23h59 

  
n 1 4 7 6 18 31,393 ,001 
% 20,0% 25,0% 31,8% 10,5% 18,0%  

00h00-03h59 
  

n 0 1 2 0 3 
% 0,0% 6,3% 9,1% 0,0% 3,0% 

04h00-7h59 
  

n 0 6 2 3 11 
% 0,0% 37,5% 9,1% 5,3% 11,0% 

08h00-11h59 
  

n 1 3 1 18 23 
% 20,0% 18,8% 4,5% 31,6% 23,0% 

12h00-15h59 
  

n 0 0 3 11 14 
% 0,0% 0,0% 13,6% 19,3% 14,0% 

16h00-19h59 
  

n 3 2 7 19 31 
% 60,0% 12,5% 31,8% 33,3% 31,0% 

Total n 5 16 22 57 100 

Table 26 – Bivariate Correlation between Driver’s action and Pedestrian’s Age with exact p-value. 

    Pedestrian’s age 

Total 
 

Fisher’
s Exact  

Test 
Exact 
Sig.	  Driver’s action 

  ≤15 
years 

old 

16-39 
years 

old 

40-59 
years 

old 

≥ 60 
years 

old 
Driving in the opposite 
established direction 

n 0 0 0 1 1 33,032 ,035	  
% 0,0% 0,0% 0,0% 2,0% 1,1%  

Change of direction to the 
left 

n 0 0 1 1 2 
% 0,0% 0,0% 5,3% 2,0% 2,3% 

Change of direction to the 
right 

n 0 0 0 2 2 
% 0,0% 0,0% 0,0% 4,0% 2,3% 

Overtaking on the left n 0 0 1 0 1 
% 0,0% 0,0% 5,3% 0,0% 1,1% 

Change traffic lane to the 
right 

n 0 1 0 0 1 
% 0,0% 7,7% 0,0% 0,0% 1,1% 

Beginning of pace n 2 0 2 0 4 
% 40,0% 0,0% 10,5% 0,0% 4,6% 

Reversing n 0 0 2 1 3 
% 0,0% 0,0% 10,5% 2,0% 3,4% 

Blunt deviation or exit 
traffic jam 

n 0 0 2 2 4 
% 0,0% 0,0% 10,5% 4,0% 4,6% 

Normal driving or march n 3 12 11 43 69 
% 60,0% 92,3% 57,9% 86,0% 79,3% 

Total n 5 13 19 50 87 
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When an accident occurs, there are different actions performed by the driver depending on the 

age of the pedestrian, although the most common action is “driving in normal pace” (Table 26 ). Thus, 

it is emphasized that between pedestrians under the age of 16, the driver was starting the pace or at a 

normal pace. Between pedestrians aged between 40 and 59 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. 

3.3.4 Discussion 

The MLR analysis allows estimating the probability associated to the variation, amongst 

pedestrians (grouped by age differences), of fatality occurrence in pedestrian road accidents given the 

influence from a set of potential risk factors, thus going beyond the commonly performed analysis that 

disregards the statistical weight of verified evidence and possible correlations among variables. 

Applying the MLR to the sample comprising data from INMLCF and ANSR during the period from 

2009 to 2011, the main objective was to identify the principal factors that may influence the population 

demography and, thereby, contribute to develop road accident prevention measures focused on 

different pedestrians and targeted for effective action on critical factors that affect the occurrence of 

fatal pedestrian accidents, as well as raising awareness of this problem in Portugal. 

The MLR was reduced to the best model among other candidates and, like any other statistical 

model, it is a representation of the reality where the results are hypotheses. Nevertheless, given the 

significance and consistency of the model, it is possible to withdraw conclusions and warnings with 

greater confidence. Therefore, based in this model, it was verified that the illumination contributes 

significantly to explain differences between pedestrians that suffered fatal injuries. The risk of being 

involved in a fatal road accident is higher, comparing with the reference group, in periods with low light 

than in broad daylight (also found by Al-Ghamdi, A., 2002) for “16-39 years old” and “40-59 years old” 

categories, being the most likely “16-39 years old” category. This probably results due to the fact that, 

when comparing to pedestrians aged less than 16 years old, adults have the option of being out and 

being a pedestrian, while children don’t. For the age group “Greater than or equal to 60 years old”, it is 

more likely to being killed in broad daylight in comparison to the reference category (“Less than or 

equal to 15 years old”). These conclusions were also achieved by several studies like NZHTS (2012), 

Dunbar, G., el al., (2004) and Oxley, J., (2001).  

After this analysis, it was calculated the exact p-values by applying the Fisher’s exact test. From 

this method, we also found some associations between our dependent variable and independent 

variables. Pedestrians belonging to 16-39 and 40-59 years old categories got involved in fatal 

accidents more frequently during night in areas with artificial illumination. Also, younger and older 

pedestrians were frequently found in fatal accidents during the time period between 16h00 and 19h59. 

For children, the observed higher frequency for the periods 16h00-19h59 and 08h00-11h59, coincides 

with the times they probably walk the most, like going to and from school. For pedestrians in-between 

younger and older categories, it was observed a higher frequency during the period of 04h00-7h59 

and 20h00-23h59. All these findings were also achieved by NZHTS (2012) report. 
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Regarding driver’s actions before the accident, for pedestrians group under 16 years old, the 

driver was starting the pace or was at a normal pace. For pedestrians group between 16 and 39 years 

old, besides normal pace, it was verified a high frequency of accident when drivers were on a reverse 

manoeuver or doing something unexpected. These findings are in accordance to studies performed by 

Jensen, S., (1999) and Oxley, J., et al. (1997).  For older pedestrians, the driver was in a normal pace.  

The main conclusions on the importance of the risk factors in the analysis are therefore 

obtained from the reduced and adjusted model, where factors on which it was detected a statistically 

significant association were considered as critics and with priority to be regarded on action and 

prevention plans. Furthermore, some factors that were suggested as relevant for the analysis with 

MLR are consistent with other studies in the literature, so its inclusion in secondary measures can be 

used, as a warning to pedestrians and drivers and contribute to improve their safety. 

Making use of MLR in this research, it was quantified the likelihood of pedestrians’ age for 

statistically significant risk factors, formulating the necessary basis for an appropriate and targeted 

sustainable prevention plans for pedestrians and drivers. Also, using Fisher’s exact test, it was 

achieved certain associations and found some dependency between several independent variables. 

These research results confirm, in a general way, the results obtained from previous researches, now 

translated to the national reality. 

The work developed in this research is a first approach in the application of regression methods 

on the analysis of road accidents in Portugal and, in particular, with pedestrian road accidents. The 

applied methodologies have limitations or have alternative methods, such as in any work of this kind. 

One of the main goals firstly considered when the data was all gathered, was to study the 

occurrence of different injury severities, at different body parts and their association with risk factors at 

an individual level for pedestrians and drivers and road and neighborhood environmental factors. 

Predictive models can only make use of one dependent variable with different categories, thus making 

impossible to proceed with this objective. Therefore, we choose to study the main difference between 

pedestrians’ age groups, since it was verified that one of the major objectives/priorities in injury 

biomechanics for the years that follow is to obtain more knowledge regarding age-adjusted injury 

criterion (NHTSA, 2011). 

Due to the complexity of the process of gathering information from INMLCF, since it is a time 

consuming process when classifying each injury using the Abbreviated Injury Scale (AIS), it was only 

gathered a small sample of 116 pedestrian road accidents incidents. Nonetheless, once this study is 

very important, it is necessary to continue and gather more data. Furthermore, it was used only data 

from pedestrians that died following the accident. Thus, adding more data from pedestrians who 

survived the accident would be of great importance in the field of trauma biomechanics, getting an in-

depth knowledge on the injury variation with relation to the risk factors. 

Regarding the applied method and the final adjusted model obtained in this study, it was 

followed the Principle of Parsimony / Occam's razor. This 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 (Schafer, J., 2006). On the other hand, by taking this approach, it 

was compromised the hypothesis of having a final model with more detail (including more variables).  
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4 Development of a database as an alternative autopsy report 
procedure 

This chapter resulted from the difficulties encountered when gathering information that were on 

the autopsy reports. Doctors and Residents only conduct autopsies in the morning schedule 

documenting the autopsy by hand writing on a paper and, by the afternoon, they type the report into a 

word document type (.doc). Then, each autopsy is then printed and stored in a paper format. As it can 

be predict, this results in lots and lots of paper reports stored in specific data rooms making it more 

difficult to access information. This results in a difficult way to have access information from a specific 

autopsy report and, thus, this process can be improved. 

Therefore, it is present here in this chapter the work undertaken to counteract this approach 

previously mentioned. It consisted on the creation of a database based on pre-existing models, like 

the models presented by Martins, B., (2009) (PENDANT4 and ANSR databases), but with a different 

main purpose than these ones. In this database it was intended to include not only information from 

these models, which includes information about the conditions of a pedestrian road accident, but also 

an alternative model/method for the autopsy site allowing to store more efficiently the gathered data 

reducing the time concluding a case, coupling resources that span multiple domains. Another main 

objective of the database is to conduct statistical analyzes in a faster, organized and focused way with 

fewer errors, mixing and gathering a more complete information about an accident, more concretely, a 

pedestrian road accident and its injury severities and localizations, eliminating certain initial conditions 

and assumptions for an accident reconstitution, where it can be used by road accident experts from 

NIAR/IDMEC5 in their accident expertise. Also, it is proposed a continuation of the previous realized 

work with pedestrians grouped within different ages by using this database, since the main reason 

why the results were not that significant was because it was only gathered 116 records. Thus, using 

this database, we can establish a good quality linked database, aiming to develop an effective strategy 

to deal with pedestrian trauma, like for example, elderly pedestrian trauma, which is very important 

since most developed countries are facing the problem of aging (Loo, B., et al., 2009). 

 

Before starting to describe the developed database model, it is important to establish the 

definition and function of a database. A database is a collection of logically related information stored 

in a computer, where it can be used for many applications. The way that the information is stored and 

organized makes it to be easily accessed, managed and updated. Many interesting scientific problems 

require the analysis of large amounts of data. For such problems, harnessing distributed computing 

and storage resources is clearly of great value. Furthermore, the natural parallelism inherent in many 

data analysis procedures makes it feasible to use distributed resources efficiently (Gonzalez, D., 

2003). There are different types of databases, some of these being referred below (Martins, B., 2009): 

                                                        
4 Pan-European Coordinated Accident Injury  
5 Núcleo de Investigação de Acidentes Rodoviários/ Instituto de Engenharia Mecânica 
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§ Operational Database: a database with information like customer lists or inventories; 

§ Analytical Database: a database where the stored information was selected from operational 

databases and external. This type of database consists of summarized information that is 

normally very important for an institution manager. They are also called multidimensional 

databases or databases for management; 

§ End-user Database: it is a database directed exclusively to the person who is using it (end-

user), allowing the insertion of spreadsheets, text documents, multimedia files and more. 

 

These different types of databases can be created according to certain types of models, and 

some of these templates are given below (Martins, B., 2009): 

 

§ Plane Model: consists on a normal table model where each entry in a row corresponds to 

information relating to various categories arranged in columns. 

§ Relational Model: this model allows a greater independence in terms of management and 

consultation. It consists on a table that is related to other tables by one or more keys. These 

keys can be only a number, a name or serial numbers that are common to two or three 

categories. The tables used in this model are already modeled and structured in a similar way 

as the Plane Model. This model, therefore, allows relating two sets of information by a key. 

§ Hierarchical Model: this model’s structure resembles a tree structure in which there is a single 

upper register from which other registers relate to in other levels. This type of database was 

the first to be ever used, and it is now a tool used, for example, in the formatting of the 

contents of chapters in text processors. 

 

Each one of the reference databases, developed by Martins, B., (2009) are structured differently 

in terms of storing, inserting, updating and managing information. For storing purposes, it was followed 

the same model of these databases using a single table (plane model). As for the operations such as 

inserting, updating or managing information, it was used the relational model setting a single key for 

each of the records or entries based on the autopsy institutional process number. This choice was due 

to the fact that the used software, Microsoft Access 2010, only allows the linking of two to three sets of 

data through a key, when these sets are inserted into a single table. Like it was referred above, it was 

combined information of two different databases into a single one, and this will be discussed ahead. 

Using Microsoft Access 2010 to create the database, instead of the usual Microsoft Excel 2010, 

was due to the fact that it provides greater resources and is more specific to deal with databases 

making it easier to use and to manage. Besides this inherent facility, the program’s tools allow a more 

intuitive and pleasant appearance during its use (Figure 4.1 ). The available data in this database 

serves only for an illustration purpose for now. 
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Figure 4.1 – INMLCF Database screenshot. 
  

As it can be seen in Figure 4.1 , flagged at red, the data was inserted preferentially resorting to 

lists/combo-boxes with pre-defined values, a concept used whenever it was possible. This is a very 

common practice when designing databases, aiming to eliminate as much as possible errors in the 

process of inputting data into our database.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 4.2 – Data selector present in the INMLCF Database. 
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Figure 4.3 – Time mask input data in the INMLCF Database. 
 

Also, to mitigate the occurrence of errors at the input level, when introducing the data of the 

autopsy, the database uses a date calendar, as well as a predefined time mask formatting type for the 

hour of autopsy input as we can see in Figure 4.2 and Figure 4.3 .  

4.1 INMLCF Database 

In this sub-section, it addresses the contents and the way that the INMLCF database operates. 

As stated before, this database, although can be used as an alternative method for medico legal 

purposes, it can also serve as interface in accident reconstitution expertise by accessing in a easier 

way the sustained injuries on pedestrians and be an asset for future statistical studies, like the 

conducted previously in Chapter 2 and 3, reuniting information from autopsy reports and road factors 

associated within each victim. 

4.1.1 Content and technical aspects 

The developed database in this work was completely based on several autopsy reports that was 

found during the gathering of reports for the previous undertaken statistical analysis regarding the 

relation of risk factors with pedestrian’s ages. The information contained in this developed database 

model, for now, is only illustrative, of real cases of pedestrians who suffered pedestrian road 

accidents. Although it was found some differences in the way some autopsy reports present 

information, they all contain the same information. Autopsy reports provide information about verified 

injuries through an expertise examination (internal and external), chemical and toxicological test 

results, medical imaging exam results, and also some other information that identifies the victim (like 

name, age, gender, occupation, address, marital status, household, stature, etc.). Sometimes, they 

also index some documents with other information, provided by other entities like police authorities 

(day/hour/location of the pedestrian road accidents, accident’ sketches, etc.) and previous 

hospitalization records (clinical situation and development at the time of hospitalization). 
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After analyzing all the obtained data that an autopsy report contains, it was selected several 

fields to include in the database model. Given the type of information that this database contains, 

allowing the existence of attachments, the chosen type of database for this work was the end-user 

database, i.e., targeted to the user. 

As it can be seen in Figure 4.4 , the navigation between different autopsy sections, and also 

between INMLCF and ANSR databases, is accomplished by using different tabs (marked in yellow).  

The connection between these different tabs or sub forms is held by a key, represented by the internal 

institution number of the process at INMLCF (marked in green).  

 
Figure 4.4 – Navigation panel in the INMLCF Database with different tabs for different autopsy sections in 

a typical report. 
 

In Table III.2 (Appendix III), it is specified the information categories that form the basis of the 

data from INMLCF. The tabs in the database, which contains the referred categories and some 

details, are shown in Figure 4.5  to Figure 4.11. In Figure 4.5 , it is represented with more detail the 

categories from the available information at the preamble. On the Preamble tab, it is included 

information about the autopsy (time, date and expert) and also other relevant data that can be 

provided, for example, by the local police or even by the medical emergency team (INEM). Also, it was 

included a combo-box with the status of expertise since chemical and toxicological test results are 

normally not immediately available. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.5 – Preamble tab information in the INMLCF Database. 
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In Figure 4.6, we have information regarding the victim’s ID, which includes age, gender, body 

tattoos, etc., describing the individual’s main information and physiognomy. 

 

Figure 4.6 – ID Elements tab informaton in the INMLCF Database.  
 

In Figure 4.7, it can be observed the tab that is intended for the insertion of received 

documents, such as accident’s sketch, results of medical imaging techniques and photographs of 

each victim. Regarding this INMLCF database, it was chosen to store this kind of data directly in the 

database. Although, this approach is size limited since Microsoft Access 2010 is limited to a memory 

size up to two gigabytes for any database. Once gathering information on autopsy reports, it was only 

found few of these types of documents, thus chose to undertake this approach. Nevertheless, using 

references to folders already created in the directory database, this file attachment approach can be 

accomplished where the memory space only depends on the capacity of the hard disk drive where is 

the directory of the database. For most databases that using lots of images and files, it is preferable 

that the storage is done this way (MacDonald, M., 2006). 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 4.7 – Attachments tab in the INMLCF Database. 
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In Figure 4.8 and Figure 4.9 , it is represented the tabs that include core data of a medico legal 

expertise. In these, injuries are fully descripted on an external and internal level respectively. 

Regarding the internal examination, it has 6 more tabs that refer to specific injured body regions. 

 
Figure 4.8 – External examination tab in the INMLCF Database. 

 
Figure 4.9 – Internal examination tab in the INMLCF Database. 

 

In Figure 4.10, it can be seen the contents of the tab referring to laboratory examinations, which 

includes the Blood Alcohol Concentration (BAC) and the presence of drugs and medications in the 

blood. 

 

Figure 4.10 – Laboratory examinations results tab in the INMLCF Database. 
 
 

In Figure 4.11, it is presented the sixth tab of the database regarding the medico-legal 

conclusions. The area with a light blue background entitled Zonas com lesões, is intended for the 

marking of body regions where the pedestrian suffered external/internal injuries. After detecting the 

zones to be noted, one should choose the correct box in order to delimit the same in red on the image.  
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Figure 4.11 – Medico-Legal conclusions tab in the INMLCF Database. 
 
 

Since now it appears a spatial visualization of the injured areas across the image unlike difficult 

and specific technical medical terms on the report, expertise to be conducted over accident 

reconstitution methods can be made easier for experts in the field of accident reconstitutions. 

4.2 ANSR Database 

Following the previous statistical study performed on Chapter 3, it was included a section in this 

database regarding the data from ANSR, as well as some technical terms. Complementing the 

aforementioned information, especially for the pedestrians’ sustained injuries, with this tab and ANSR 

database, it can improve considerably the investigation that an accident reconstitution requires, 

identifying problems or deficiencies in the field of future road safety actions. Therefore, it becomes 

imperative the importance of a database that allows ease of insertion, organizing and processing of 

data. It should also allow any user to an intuitive query, friendly working environment and also be a 

robust tool in order to guide the insertion of new records with minimal errors, so that the confidence 

level is the highest possible. 

ANSR has these data structured into three categories: data from accident, driver’s information 

and pedestrian’s data. The type of information present in these three categories is geared more 

towards the conditions of the pedestrian road accidents (date, time, location, etc.) and immediate 

consequences (if the victim suffered minor/serious injuries or even died at the scene). It enables, thus, 

to proceed with a careful statistical analysis in general terms about the perspective of this kind of 

accident in Portugal. Still, there is the limitation of not giving concrete data on the type of injuries the 

pedestrian sustained. Therefore, by merging these three categories into a single sub form in our 

INMLCF database, it is possible to continue the previous undertaken job, allowing a more accurately 

evaluation of the pedestrian’s sustained injuries. Despite this sub form being in a specific tab on the 
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INMLCF database, these two databases can communicate among themselves since they both have a 

key number that connects to each record in the main database. In the ANSR database, this key 

number is highlighted with a green rectangle (Figure 4.12 ). 

The available data that can be visualized in this database serves only for an illustration purpose 

for now. The fields are not correlated and do not correspond with the previous information that is 

available at the INMLCF database. 

Each record is then specified within different categories (Figure 4.12 ). The meaning and 

content of each category can be consulted in Table III.1 (Appendix III). It was used the Analytical 

database type since the data was provided by ANSR in a Microsoft Excel file format. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.12 – Categories in ANSR Database tab in the INMLCF Database.  
 
 

In order to continue the previous developed work in the last chapter, it was added some 

categories to the ANSR database that refer to the AIS 2005 injury classification system, helping the 

database users when using this classification system to classify and access injury severities. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.13 – Embebed AIS 2005 dictionary sample in ANSR Database tab in the INMLCF Database. 
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These categories to be filled are: AIS Head and neck, AIS Face, AIS Thorax, AIS Abdomen and 

Pelvic content, AIS Extremities and pelvic bone structure, AIS Exterior and NISS score. To correctly fill 

these categories, one must consult the AIS 2005 dictionary developed by AAAM (AAAM, 2005). Some 

of the consulted injury scores, in this extensive dictionary, that were used on the Chapter 3 are 

displayed in an embedded table on the ANSR database to facilitate the use of this tool and also to be 

further completed (Figure 4.13 ). 

4.3 Instructions for using the database 

In this section it will be explained the operation mode of the main database, referring the most 

relevant details. The database is initiated with a display screen of the program. This screen contains 

not only the title of the program but also the name of the authors and program’s version (Figure 4.14 ). 

 

 

 

 

 

 

 

 

 

 
Figure 4.14 – Home screen of the INMLCF Database. 

 

After a short period of four seconds, the screen disappears and it appears the menu from the 

database. The main menu can be observed in Figure 4.15 . 

 

 

 

 

 

 

 

Figure 4.15 – Main Menu of the INMLCF Database. 
 

This menu has three options. When selecting the first option, the user has access to the 

available database on its form format, where the insertion or updating the data is allowed. It is on this 

option that it can be visualized the autopsy fields to be filled as previously mentioned. The navigation 

between records can be made through the navigation bar marked in red in Figure 4.16 . Each of the 

buttons on this bar has a specific function, described bellow: 
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Figure 4.16 – Navigation of records in the INMLCF Database. 

 
The navigation between tabs of the database for each of the records, as previously mentioned, 

occurs when we click with the mouse on the different tabs, like the one market in yellow below (Figure 

4.17 ). To insert a new record and thus updating the database, or removing a previously inserted 

record, we use access toolbar signalized at red. Also, flagged with yellow, there is the tab that returns 

to the main Menu. 

 

 

 

 

 

 

  

 

 

 

 

 

Figure 4.17 – Record Management toolbar and Back to Main Menu button in the INMLCF Database. 

• First and Last record 
 

•Previous and Next record 
 

•Record number of total existent 
 

•Quick search window of a number or word in the current record 
 

•New record 



 

 

 

 

72 

To elaborate a report and to visualize the table where data is stored, it can be used the parts 

that are flagged with green and yellow, respectively (Figure 4.18). 

 

 

 

 

 
 

Figure 4.18 – Reports and Queries Management toolbars in the INMLCF Database.  
 
 

A report is a document that allows the printing of all or only part of the information that is 

recorded rather than the printing database screens individually. The choice is made by double clicking 

the categories that are disposed on the right (Figure 4.19 ). 

 

Figure 4.19 – Building a report from the database.  
 

It can be viewed all fields or just some of the information that is present in the main information 

table, through a consultation. After choosing from which of the information tables it is wanted the 

information from, one must choose the categories that want to query. Part of the query construction 

process is presented in Figure 4.20 . 

The second main menu option, the search button (Pesquisa), was created in order to 

demonstrate that it is possible a more convenient alternative way to consult or search the data in our 

database. In Figure 4.21 we present the search form, which allows the search of specific parameters 

using only two buttons, filling the available parameter spaces properly.  
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Figure 4.20 – Construction of the query in a database. 
 

 
 

Figure 4.21 – Search screen of the INMLCF Database. 
 

 

After hitting the searching button (Pesquisar), the search result pops up in another window 

within a table. After this consultation process of some of the information, the user can take the autopsy 

institutional process number, go back (pressing the “return to menu” button, flagged in yellow, in 

Figure 4.21 , then access the main information form and proceed with the construction of the report to 

print or just check the rest of the data in specific tabs. Therefore, these search fields can be used in 

order to filter the information that is in the database. In Figure 4.22 , it is presented an example of the 

use of these filters in our output results table, particularly for the records assigned as concluded 

(Concluído).  

Figure 4.22 – Example of the search results table in the INMLCF Database. 
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To reset and erase all the information on the search fields for the search form, we simply press 

the clear button (Limpar). Then, after hitting the search button, we can display all the complete records 

from the database. 

The third main menu option, the exit button, exits the database but not from Microsoft Access. 

Finally, it is also relevant to explain how we insert photos/pictures or documents in the 

database. As seen in Figure 4.7, for each case there can be some files that one wants to attach like, 

for example, results of medical imaging techniques to each victim. These attachments are inserted in 

the third tab of the INMLCF Database (Figure 4.23 ).  

 
Figure 4.23 – Inserting files (photos/pictures/documents) in the INMLCF Database. 

 
 

To insert any file as attachment, the user simply click with the right mouse button on the space 

link and choose the option “Manage Attachments” and then click on the option “Add”. Next, choose the 

folder from where the file is, and then proceed the attachment process and press "Open". 

For a more complete description of the categories and contents within each tab of the INMLCF 

Database, consult  Table III.1 and Table III.2 (Appendix III). 

4.4 Chapter summary 

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 build up the available information regarding the future use of 

this tool for accident reconstitution purposes by NIAR and also to continue the previous work 
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undertaken on Chapter 3, allowing a more organized and quicker statistical analysis once we reduced 

chances of error when inserting information, whether in terms of content, or in terms of the correct 

location for the same. Also, increasing the level of detail regarding the sustained injuries in 

pedestrians, it allows a search for trends and conclusions to be considered for road safety measures 

in the future and also making the process of accident reconstitution quicker. 

Working or consulting with this database is possible anywhere, since the user only has to copy 

the database into the computer we want to use it. However, it should be always considered the space 

of 2 gigabytes for the Access file and for attached resources.  

In the perspective that more than one forensic expert may be using this database, there are 

several methods to share an Access database on the Internet or Intranet. This database is composed 

of objects, such as tables, queries and forms. When sharing a database, it is intended to share tables 

that exist in the database. The methods that make this possible are: Split database method, the use of 

a Network folder, a SharePoint site and a Database server (Microsoft, 2012). Each one of these has 

certain factors that have to be considered when choosing the right method. Considering the sharing of 

the database, each expert could access the database in the autopsy site through the internet while 

performing the expertise and insert directly in the database the information related to the victim, 

improving not only the storage of the information but also the process for this storage. Therefore, this 

database should be improved in this aspect. 
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5 In-depth investigation in pedestrian road accidents 

One of the goals for the years 2011 to 2015 of NHTSA (2011) is to correlate and integrate a 

more accurate research between medical and engineering data. 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. 

Therefore, engineering plays a key role, acting in two ways to solve pedestrian road accidents 

problems: after the accident, combining research with computer simulations in order to clarify how it 

occurred, isolate the key factors for its occurrence and determine responsibilities; in terms of 

prevention, recreating impact situations to analyze and evaluate the influence of certain parameters on 

the occurrence of pedestrian road accidents resulting in injuries, the effectiveness of the 

solutions/measures on the safety of pedestrians currently available or projecting new solutions in a 

simple, efficient and economically feasible way. The outputs of these reconstructions do not only 

target the scientific community. It also have a social interest where it may lead to the definition of 

measures and procedures in order to reduce the high rates associated with pedestrian road accidents 

as well as for dissemination by the entire population of the risk involved in certain type of situations 

identified as dangerous in these accidents, trying to mitigate this problem. 

5.1 Reconstruction of pedestrian road accidents 

Reconstruction of real-world accidents is often used to find the causes of the accidents. Data 

obtained in field investigation are analyzed in the simulation process to develop a detailed 

understanding of how the accidents had happened. In a pedestrian road accident, the high-speed 

impact exerted by the car can lead to severe injuries or even fatal injuries to the pedestrian. On the 

contrary, the vehicle dynamics is less affected by the pedestrian comparing to a vehicle-to-vehicle 

collision (Weng, Y., et al., 2010). 

At NIAR from IDMEC (IST), these investigations only take place when requested, thus there are 

no teams that travel to the accident site immediately after its occurrence. The methodology for 

research and computational reconstruction of accidents is then treated as a process of optimization as 

outlined in the flowchart in Figure 5.1 , being pre-impact velocities and positions the variable 

parameters. At the beginning, accident information is gathered, regarding post-accidents records 

provided by the authorities like the sketch of the accident, which includes the projectile distance of the 
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pedestrian(s) after the impact, pictures of field marks and of the involved vehicle(s), as well as autopsy 

reports. Then, it follows the reconstruction of the accident scenario based on the gathered data and 

computational simulations. A minor deviation of the initial condition embedded in the pre-crash scene 

can lead to noticeable difference in the simulation results. Given the complexity of the events and the 

sensitivity of the simulation result to the initial condition, rich experience and precise field investigation 

is required for the reconstruction of the accident. Furthermore, the position of the pedestrian after the 

crash should be verified before doing the injury-based evaluation. Only when the pedestrian model 

falls within the predicted region, can the injury-based evaluation be carried out. For each simulation 

trial, injuries of the dummy can be evaluated using biomechanics criterion. This simulated injury value 

is then compared with the true injury value, which is obtained by forensic investigation of the accident. 

When these two values are consistent, the simulation is terminated. Otherwise, pre-crash scenery and 

vehicle velocity are further adjusted for next trial of multi-body simulation (Weng, Y., et al., 2010). 

 

 
 

Figure 5.1 – Flowchart representing the methodology in expertise accident reconstructions (source: 
Weng, Y., et al., 2010). 

 

The used program for the reconstruction of the accident scenario is PC-Crash, where 

simulations are carried out based on a dynamic analysis for the temporal evolution of trajectories of 

the vehicle(s) involved. This is a computational tool accepted scientifically in accident reconstruction 
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and validated in international scientific conferences, including conferences of 1996 and 1999 of SAE, 

which were validated, respectively, the program itself (Clief et al., 1996) and the use of multi body 

dynamics in the reconstitution of road accidents (Moser, et al., 1999). Therefore, this program makes 

use of several vehicles with similar technical characteristics of the actual vehicle’s body and multi-

dimensional models including biomechanical models of the human body for simulating accidents 

involving complex systems, such as car drivers, its occupants and / or pedestrians. 

In this thesis, the main goal is to establish the connection between biomechanics theory of 

impact and solving real-world accidents. In addition to evidence (with real cases) the usefulness of 

biomechanics and injury analysis, showing how this fits in accident reconstructions, this also allows to 

highlight the relevance of reconstructions to oppose road traffic accidents. 

5.2 Computational reconstitution of a real accident 

It is here addressed, as an example, the reconstitution of a pedestrian road accident, which 

occurred in Portugal in 2010, and which allows to determine the main factors that influence its 

occurrence, attest the veracity of the testimonies of those who were involved in the accident and 

conclude on their responsibilities. For reasons of confidentiality and since we are dealing with real 

accidents, we safeguard the identities, registrations and identifying factors of involved vehicles or 

persons, and well as the content of certain more explicit images.  

The accident at issue occurred at 8h45, inside urban area, and thus with a speed limit of 50 

km/h, involving a male pedestrian and a female driver. In this accident, the car involved was a Smart, 

model Fortwo, on a two-way straight road without a physical lane division, on a rainy day, on a regular 

and wet pavement, without any obstacles on the road. From this accident, the driver came out 

uninjured and the pedestrian ended up dying 10 days after the incident. Figure IV.1  (Appendix IV) 

corresponds to an image from an aerial view of the crash site, indicating the point of collision between 

the car and the pedestrian, obtained using the Google Earth software. 

5.2.1 Deformations / damage of vehicles 

The involved car in the accident was a Smart Fortwo. In Figure IV.2  (Appendix IV) it is clear 

that the existing deformations / damage in the passenger car are mainly concentrated in the front of 

the vehicle, more specifically in left side area (given the driving position), including also a damage to 

the front bumper, at the hood of the car, in the front glass and column of the vehicle which supports 

the windscreen at the left side. The front bumper and hood have broken up. With respect to the 

windshield, this presents a fracture. We can conclude that the deformations / major damage caused 

by the higher energy of deformation occurred in the front left of the hood and bumper area of 

passenger car. 

The function of the bumper installed in vehicles is to absorb the strain/deformation energy 

resulting from collisions without significant damage to the vehicle. Thus, an evaluation of the vehicles’ 
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bumper involved in the collision, can help to deduct that the strain energy applied in this area of the 

vehicle was increased. For impacts with high levels of deformation energy, the plastic behavior of the 

composite material that constitutes the bumper overlaps the elastic behavior, raising the possibility of 

fracture occurrence. So, in this case, the verified damage will be due to the fact that the impact with 

the victim may have occurred at a high speed. 

The remaining deformation / damage existing in the passenger car are mainly distributed along 

the hood, on the front windshield glass and on the “A-pillar” of the vehicle, being typical of an impact 

with the human body. 

5.2.2 Involved individuals 

 It is present in Table 27 condensed physical characteristics of the individuals involved in the 

accident and other important parameters for accident investigation. At the time of the accident, the 

pedestrian weighted 55kg and heighted 1,69m. These parameters will be later considered for the 

reconstruction of the accident. 

Table 27 – Driver and pedestrian information. 

 
 
 
 
 
 

5.2.3 Injuries 

The driver of the passenger car did not suffer any injury resulting from the accident, as already 

stated. 

Regarding to the pedestrian, according to the autopsy report of the victim, several injuries 

directly related to the collision dynamics (caused in the accident) were present, both in terms of the 

external and internal body areas. However, injuries to the head at an internal level are those that 

deserve greater emphasis. It was verified the existence of fractures to the left orbital roof (AIS=3) and 

right temporal bone (AIS=2); epidural/extradural hematomas (buildup of blood between the dura 

mater, which is the outer membrane of the central nervous system, and the skull) on the left orbital 

roof and right temporal fossa (AIS=3); brainstem contusions (AIS=5); presence of brain contusions 

(bruise of the brain tissue), more specifically, cortical and parenchymal contusions on the left frontal, 

temporal and left occipital lobes (AIS=3); and resulting severe brain edema / swelling (AIS=5). At an 

external level, several excoriations were verified on the elbows, forearms, hands, and knees and also 

at the dorsum of the feet (AIS=1). Furthermore, the medical emergency team (INEM) stated that the 

victim had a Glasgow coma score (GCS) of 5, which is a score that varies between 3 and 15, being 3 

the worst and 15 the best, using three parameters to calculate its score: best eye response, best 

 Driver Pedestrian 
Age  25 21 
Gender Female Male 

Years of driving license 1 - 
BAR (g/l) 0.00 0.00 

Psychotropic Substances No No 
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verbal response and best motor response. Thus, this score (of 5) indicates a severe brain injury. 

5.2.4 Accident dynamics 

Through the compatibility observed from the damages on the vehicle, injury on the pedestrian 

and statements made, it was possible to advance a preliminary hypothesis for how the accident 

occurred. The car was on the right lane of the driveway, when a pedestrian appears crossing the road, 

occurring an impact on the left side of the bonnet, windscreen of passenger car, followed by the 

projection of body to the ground until being completely immobilized. It appears that the displayed 

injuries are highly compatible with this hypothesis. 

5.2.5 Computational simulation 

The reconstruction was developed based on site characteristics, vehicle characteristics and in 

the final position of the victim, indicated in the sketch provided by local police officers. However some 

adjustments were made from the physical parameters that characterize the collision itself and of the 

dynamic conditions that affected the movement before and after the collision. 

In the computer simulations performed, it was considered the following coefficients of friction 

and restitution (Table 28 ). The friction coefficients used are explained in more detail in Table IV.2. 

Table 28 – Used coefficients in the accidents reconstitution. 

Friction and Restitution Coefficients Used values 
Friction coefficient between tire / pavement 0,6 

Friction coefficient between victim / pavement 0,8 
Restitution coefficient between victim / car 0,1 

 
 

In Figure 5.2 , it is represented the model of the passenger car used in this simulation, Smart 

Fortwo. The main characteristics of this vehicle are presented in more detail in Table IV.1. 

	  
	  
	  
	  
	  
	  
	  
	  
	  

Figure 5.2 – Smart Fortwo computational model used in the reconstitution. 
	  
Based on the sketch given by the police and the aerial images of the crash site obtained 

through Google Earth, the scenario was developed computationally as shown in Figure 5.3 , Figure 

5.4 and Figure 5.5 . In the sketch there was also information of the most likely site of collision as well 
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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, the analysis 

started by checking the accuracy of this information based on the pedestrian’s injuries, maintaining the 

known and verified information about the accident, such as the victim’s final position and the damage 

on the car. To evaluate and access the severity of the sustained injuries (especially in the head) and, 

hence, the accuracy of the information, it was used the HIC injury classification tool, already described 

on Chapter 3. Several car pre-crash velocities were tested and, for each pre-crash velocity test, HIC 

was calculated. These results, for the police scenario, are presented in Table 29 , being 

complemented with a HIC to AIS injury scale conversion (also introduced in Chapter 3). 

 

 

 

 

 

 
 

 

 

 
Figure 5.3 – Computational scenario (global view) highlighting the “Point of Impact” and “Car’s final 

position” according to the Police report. 
 

 

 

 

 

 

 
 

 

 
 

 
Figure 5.4 – Closer view of the accident scene with sketch according to the Police report. 

 
 

 

 

 

 

 
 

Figure 5.5 – Computational scenario (3D view perspective of the scene). 
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Table 29 – HIC (for 15ms) and AIS calculation for different pre-crash velocities.  

Pre-Crash velocities !"#!" AIS !"#!" Threshold 

40 km/h 52,64 1 

700 

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 

 

By observing Table 29 , it can be verified that only for pre-crash velocities that were greater 

than 55 km/h it occurred severe injuries to the head, since when HIC!" > 700 it is expected to result in 

serious and permanent injuries. 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. 

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. Regarding the injuries sustained by the pedestrian, a further analysis was 

developed to confirm and support the computational simulation of the accident, checking the 

compatibility with the known injuries from the autopsy report. 

It was then achieved a good hypothesis of the accident’s dynamics, presented here in Figure 

5.6 and Figure 5.7 .  
 

Figure 5.6 – Photograms of best accident dynamics hypothesis. 
 

t =0.00s 

t=0.14s 
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Figure 5.7 – Beginning and the end of the computational simulation. 

 

In Table 30 it is presented the calculated value for the head injury criteria (HIC) in the conditions 

of impact (15ms) and the corresponding injury severity (AIS) for the performed simulation. 

Table 30 – HIC (for 15ms) and AIS for the performed computational simulation. 

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

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

 

As it can be observe, in Figure 5.8 , the diagram of the resultant acceleration in the head shows 

a two peak accelerations, which correspond to the contact with the car (first peak; photogram t=0.14s) 

and contact to the ground (second peak; photogram t=1.33).  

  

Figure 5.8 – Acceleration diagram for the performed computational simulation.  
 

Furthermore, it is important to confirm the absence of other injuries since in the autopsy report it 

was not verified any other meaningful injury. Thus, it was analysed potential injuries to the torso, femur 

and tibia, since these were body regions directly involved in the contact with the car (Table 31 ). 
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Table 31 – Injury Criterions and correspondent values for the simulation (source: van Rooij, L, et al. 2003). 

Injury Criterion Threshold values 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 (2,23% risk of AIS2+) 

 

These results confirm the absence of other relevant injuries since the threshold values for each 

criterion were not exceeded, confirming computationally that the main cause of death was the 

pedestrian’s sustained injury in the head. The respective diagrams are in Figure IV.3 . 

5.2.6 Discussion and Conclusions 

Based on the computational simulations performed, combined with an analysis of 

damage/deformation of the vehicle involved in the accident, and with the remaining tests performed 

above, it appears that the impact point between the victim and passenger car occurs at about 4.49 

meters from the impact point indicated in the sketch by the Police. It was also concluded that the 

passenger car was traveling at a speed of 56.5 ± 3 km/h in the right traffic lane. It thus appears that 

the speed that was determined computationally is greater than the speed limit within a locality (50 

km/h). Regarding the pedestrian, it was verified that he was crossing from the right to the left side of 

the road (given the driving position) at an approximately speed of 6-8 km/h, which corresponds to a 

fast pace. 

It was verified that the head had an impact with the “A-pillar” of the car. Since this area is very 

stiff, it led to serious head injuries confirmed by a HIC!"= 1173,14.	  On the undertaken computational 

simulation, it was also concluded that there was a relative violent impact on the downward phase of 

the trajectory after projection (on the fall), suffering several secondary impacts in several areas of his 

body when colliding with the ground (including on the head). However, the collision with the "A" pillar 

of the vehicle is the most plausible cause of death. 

Regarding the position where the passenger car stopped, it is not possible to reach any 

conclusion since the driver stopped the vehicle on the sidewalk after impact. However, the 

immobilization depends on how the driver used the car’s brake system before the vehicle stops. 

Furthermore, it could only be predict the impact velocity on the pedestrian since there is an absence of 

objective information or indicia on whether the vehicle braked before impact. 

In the computational reconstitution, it was obtained a high compatibility between the stopping 

position of the biomechanical model of the victim's body, and the position indicated in the sketch. The 

impact between the pedestrian and passenger car caused a projection into the air, stopping a few 

meters from the impact zone. Combining the analyses previously performed, regarding vehicle’s 

damage/deformation, photographs of the crash site, the alcohol tests conducted on those who were 

involved in the accident, accessing the resultant injuries on the pedestrian and by performing the 

computational simulations, it can be concluded that the accident was due to the action of the 

pedestrian when crossing the road in an inappropriate place and also to the vehicle’s velocity.	  
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6 Conclusions and future work 

In this present 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 urban area, in low-density traffic areas, contributes to an increase of severer 

injury likelihood. Also, when an accident occurs at night at non-illuminated areas, 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 more likely to be 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. 

On the second statistical analysis, we wanted to analyze the risk factors that were associated 

with an age variation within the population who died in the event of an accident having as motivation 

the previous statistical analysis in which it was verified an higher risk for the elderly population. When 

comparing to younger pedestrians (less than 16 years old), 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 20h00-23h59. For older pedestrians 

(greater than 60 years old), this statistical analysis showed that they were more likely to be in a fatal 

accident at broad daylight, especially between 16h00 and 19h59. This analysis also suggests that 

younger pedestrians are more likely to be killed for the time periods of 16h00-19h59 and 08h00-

11h59, which coincides with the times they probably walk the most, like going to and from school. 

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 other age groups, the driver was driving 

normally. 

Special consideration of the needs of the most vulnerable road users should be taken into 

account in all road safety programs, policies and strategies. 

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 (IRCOBI, 2006). 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 within each injured body 
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part and its severity, we 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 entities 

interested in this issue, allowing international comparisons between datasets. Besides, the injury scale 

used by police officers at the scene of the accident (non-injured, slightly, seriously and fatal injuries) 

varies from country to country, thus making more unfeasible an international investigation (IRCOBI, 

2006). 

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, like the ones developed at NIAR. Furthermore, the access to this tool should be made 

public. 

There is also a need to reduce unknown biomechanical features, especially injury tolerance 

levels and risk injury curves for each body area, previously described in Chapter 3. 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, especially older pedestrians as we have seen in our statistical 

model, being of extremely urgency to get a in-depth analysis regarding injury criterions on these 

population groups which nowadays are not fully understood. This result becomes even more important 

due to the actual demographic indicators and their changing predictions.  

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 and accident reconstruction analysis in order to analyze and have access to important 

and fundamental aspects of an accident, absent in a mere statistical analysis. In terms of prevention, 

reconstruction real impact accidents to analyze and evaluate the influence of certain parameters on 

the occurrence of pedestrian road accidents resulting in injuries, the effectiveness of the 

solutions/measures on the safety of pedestrians currently available or projecting new solutions in a 

simple, efficient and economically feasible way. It also have a social interest where it may lead to the 

definition of measures and procedures in order to reduce the high rates associated with pedestrian 

road accidents as well as for dissemination by the entire population of the risk involved in certain type 

of situations identified as dangerous in these accidents, trying to mitigate this problem.  

Therefore, the main identified priority areas comprised: 

 

• Reinforcement of the monitoring in the periods identified as critical, namely, at night and 

during specific time periods like, for example, regarding younger pedestrians at the entry and 

exit school hours. 
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• 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, but in this case not only pedestrians who were 

killed but also collecting results from the clinic, i.e., pedestrians who have not died in the 

course of accident; 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 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. 

• The use of more detailed biomechanical models such as those from the MADYMO software. 
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Appendix I – SPSS outputs for the analysis of injury risk factors  
SPSS results provided by applying the MLR to the gathered data from ANSR regarding the 

injury risk factors statistical analysis for pedestrian road accidents. 

Table I.1 - Description and frequency distribution of all variables considered 

Variable (SPSS name) Variable Category N Marginal 
Percentage 

Dependent Variable 

Pedestrian Injury severity    
(“lesoespeoes”) 

1. Dead 177 2,1% 
2. Seriously Injury 761 8,9% 

3. Minor Injury 7635 89,1% 

Independent Variables 

Month of the accident (“mes”) 

1. From January until March 2096 24,4% 
2. From April until June 1882 22,0% 

3. From July until September 2039 23,8% 
4. From October until December (reference) 2556 29,8% 

Day of the accident 
(“diasemana”) 

1. Weekend 1562 18,2% 
2. Workweek (reference) 7011 81,8% 

Time of Day- hours (“Hora”) 

1. 16h-18h59 2425 28,3% 
2. 19h-00h59 1796 20,9% 

3. 1h-6h59 191 2,2% 
4. 7h-9h59 1367 15,9% 

5. 10h-15h59 (reference) 2794 32,6% 

District (“Distrito”) 

1. Aveiro 544 6,3% 
2. Beja 70 ,8% 

3. Braga 659 7,7% 
4. Bragança 75 ,9% 

5. Castelo Branco 118 1,4% 
6. Coimbra 288 3,4% 

7. Évora 80 ,9% 
8. Faro 390 4,5% 

9. Guarda 88 1,0% 
10. Leiria 425 5,0% 
11. Viseu 282 3,3% 

12. Portalegre 59 ,7% 
13. Porto 1741 20,3% 

14. Santarém 236 2,8% 
15. Setúbal 711 8,3% 

16. Viana do Castelo 186 2,2% 
17. Vila Real 144 1,7% 

18. Lisboa (reference) 2477 28,9% 

Localization (“Localizacoes”) 1. Outside urban area 329 3,8% 
2. Inside urban area (reference) 8244 96,2% 

Road Category (“CodVia”) 

1. Regional Road (ER) 4 ,0% 
2. National Road (EN) 793 9,2% 

3. Municipal Road (EM) 122 1,4% 
4. Variant (VAR) 3 ,0% 

5. Principal Itinerary (IP) 2 ,0% 
6. Highway (AE) 40 ,5% 

7. Complementary Itinerary (IC) 30 ,3% 
8. Others (Inside urban area) (reference) 7579 88,4% 

Road division (“caracttec”) 
1. Highway or with an road division 38 ,4% 

2. Other road type 1213 14,1% 
3. Road without division (reference) 7322 85,4% 

Grip conditions (“condader”) 

1. Wet (includes wet, with water on the roadway and 
humid) 3255 38,0% 

2. With ice, frost or snow 7 ,1% 
3. With gravel or sand 23 ,3% 

4. Dry and clean (reference) 5288 61,7% 
Road Surface condition 1. Poor condition 135 1,6% 
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(“Estadodecons”) 2. Good condition or regular (reference) 8438 98,4% 
Weather characteristics 

(“Factoresatm”) 
1. Bad weather 1523 17,8% 

2. Good weather (reference) 7050 82,2% 

Traffic Lights (“sinaislum”) 
1. Normally functioning 857 10,0% 

2. Intermittent or off 208 2,4% 
3. Absent (reference) 7508 87,6% 

Circulation Regime (“Regcirc”) 1. One-way street 1918 22,4% 
2. Two-way street (reference) 6655 77,6% 

Road Intersection (“Interscvias”) 

1. Road junction 1822 21,3% 
2. Roundabout 149 1,7% 

3. Connection branch- entrance/exit 29 ,3% 
4. Acceleration/deceleration lane 157 1,8% 

5. Crossing level 6 ,1% 
6. Outside intersection (reference) 6410 74,8% 

Illumination (“Luminosidade”) 

1. Dawn or twilight 263 3,1% 
2. Night, with illumination 1879 21,9% 

3. Night, without illumination 305 3,6% 
4. Day (reference) 6126 71,5% 

Road Marks (“Marcavia”) 

1. With marks – separating driver direction 2672 31,2% 
2. With marks – separating driver direction and traffic 

lanes 2302 26,9% 

3. Without road marks or barely visible (reference) 3599 42,0% 
Nature of pedestrian road 

accidents (“Natureza”) 
1. Pedestrian road accidents with driver’s escape 39 ,5% 

2. Pedestrian road accidents (reference) 8534 99,5% 

Obstacles on the path 
(“Obstaculos”) 

1. Not flagged/insufficiently signalized 32 ,4% 
2. Correctly flagged 150 1,7% 

3. Nonexistent (reference) 8391 97,9% 

Road Surface (“tipopiso”) 

1. Clay 36 ,4% 
2. Sidewalk 868 10,1% 
3. Concrete 155 1,8% 

4. Shale (reference) 7514 87,6% 

Road (“Tracado_um”) 1. Curved 1269 14,8% 
2. Straight (reference) 7304 85,2% 

Road gradient (“Tracado_dois”) 
3. In a bump 73 ,9% 

4. With tilt 2611 30,5% 
5. Plane (reference) 5889 68,7% 

Berm features (“Tracado_tres”) 
1. Without berm or impractical 2884 33,6% 

2. Unpaved berm 552 6,4% 
3. Paved berm (reference) 5137 59,9% 

Location of the accident on the 
road  (“Tracado_quatro”) 

1. On the berm 353 4,1% 
2. On the sidewalk 198 2,3% 
3. On parking lot 173 2,0% 

4. On reserved road 78 ,9% 
5. On plain track (reference) 7771 90,6% 

Location of the accident on the 
road lane (“viatransito”) 

1. Left 646 7,5% 
2. Central 174 2,0% 

3. Right (reference) 7753 90,4% 

Pedestrian’s Action 
(“Accoespeao”) 

1. In the middle lane 1087 12,7% 
2. Transiting in the right lane 268 3,1% 
3. Transiting in the left lane 162 1,9% 

4. Transiting by the berm or sidewalk 573 6,7% 
5. In refuge on the road 50 ,6% 
6. In works on the road 67 ,8% 

7. Crossing into signalized passage with semaphore 
signaling disrespect 191 2,2% 

8. Crossing off the pedestrian crossing, less than 50 
meters from a passage 1117 13,0% 

9. Crossing off the pedestrian crossing over 50 meters 
of a passage or when there wasn’t any passage 876 10,2% 

10. Exiting or entering a vehicle 163 1,9% 
11. Appearing on the roadway unexpectedly from 

behind a barrier 764 8,9% 

12. Crossing at signalized crossing (reference) 3255 38,0% 
Pedestrian’s Age (“Iddpeao”) 1. Less than or equal to 14 years old 1430 16,7% 
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2. 15-39 years old 2082 24,3% 
3. 40-64 years old 2463 28,7% 

4. Greater than or equal to 65 years old (reference) 2598 30,3% 

Pedestrian’s Gender 
(“Sexopeao”) 

1. Male 3835 44,7% 

2. Female (reference) 4738 55,3% 

Vehicle Design/Category 
(“Categveic”) 

1. Heavy vehicle 351 4,1% 
2. Motorcycle or Mopeds 331 3,9% 

3. Others (agricultural vehicle, vehicle on rails and 
industrial vehicle) 47 ,5% 

4. Velocipede with or without engine 66 ,8% 
5. Light vehicle (reference) 7778 90,7% 

Driver’s Gender (“Sexocond”) 1. Female 2214 25,8% 
2. Male (reference) 6359 74,2% 

Driver’s age (“idadecond”) 

1. 40-49 years old 1759 20,5% 
2. 50-59 years old 1319 15,4% 
3. 60-69 years old 960 11,2% 

4. Greater than or equal to 70 years old 651 7,6% 
5. Less than or equal to 19 years old 243 2,8% 

6. 20-29 years old 1671 19,5% 
7. 30-39 years old (reference) 1970 23,0% 

Driver Injury Severity 
(“Lesoescond”) 

1. Dead/Seriously Injury 15 ,2% 
2. Minor Injury 207 2,4% 

3. Uninjured (reference) 8351 97,4% 

Driving license (“licencacond”) 1. Irregular 182 2,1% 
2. Regular (reference) 8391 97,9% 

Driver’s action (“Accoescond”) 

1. Crossing the road 13 ,2% 
2. Driving in the opposite established direction 9 ,1% 

3. Blunt deviation or exit traffic jam 66 ,8% 
4. Reversing the direction of travel 16 ,2% 

5. Reversing 642 7,5% 
6. Change traffic lane to the left 22 ,3% 

7. Change traffic lane to the right 12 ,1% 
8. Change of direction to the left 427 5,0% 

9. Change of direction to the right 215 2,5% 
10. Stopped or parked 55 ,6% 

11. Exiting parking lot or private street parking 105 1,2% 
12. Braking suddenly 47 ,5% 

13. Transit in parallel rows 9 ,1% 
14. Overtaking on the right 5 ,1% 
15. Overtaking on the left 128 1,5% 
16. Beginning of march 344 4,0% 

17. Normal driving or march (reference) 6458 75,3% 

Blood Alcohol Rate 
(“Testealcool”) 

1. Not measured by driver escape / driver not 
contacted at the time of the accident 431 5,0% 

2. Not measured for other reasons (refusal, illness, 
injury or death resulting from the accident) 135 1,6% 

3. Greater than or equal to 0,5 g/l 428 5,0% 
4. Less than 0,5 g/l (reference) 7579 88,4% 

Valid 8573 100,0% 
Missing 2583  

Total 11156  
Subpopulation 8429a  

a. The dependent variable has only one value observed in 8410 (99,8%) subpopulations. 
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Table I.2 - Statistical significance and OR (CI of 95%) from independent variables in final adjusted model 

Minor Injury (reference)   Dead Seriously Injured 
Independent variables / categories N p-value OR (95% CI) p-value OR (95% CI) 

Time of Day- hours: 

10h-15h59 
(reference) 

N=2794 

1. 16h-18h 2425 0,183 0,688 
(0,397-1,193) 0,053 1,251 

(0,997-1,572) 

2. 19h-00h 1796 0,297 0,705 
(0,365-1,36) 0,031 1,385 

(1,031-1,86) 

3. 1h-6h 191 0,746 1,157 
(0,478-2,799) 0,23 1,383 

(0,815-2,347) 

4. 7h-9h 1367 0,177 1,432 
(0,85-2,41) 0,015 1,357 

(1,061-1,736) 
District: 

Lisboa 
(reference) 

N=2477 

1. Aveiro 544 0,154 1,749 
(0,81-3,775) 0,018 1,521 

(1,075-2,151) 

2. Beja 70 0,17 2,86 
(0,638-12,825) 0 3,509 

(1,783-6,908) 

3. Braga 659 0 5,094 
(2,712-9,57) 0 2,29 

(1,693-3,098) 

4. Bragança 75 0,008 6,092 
(1,608-23,086) 0 5,854 

(3,31-10,352) 

5. Castelo Branco 118 0,904 0,881 
(0,111-7,01) 0 4,769 

(2,896-7,853) 

6. Coimbra 288 0,4 1,58 
(0,545-4,582) 0,042 0,486 

(0,243-0,975) 

7. Évora 80 0,005 6,828 
(1,802-25,868) 0 4,281 

(2,276-8,053) 

8. Faro 390 0,42 1,448 
(0,589-3,563) 0 2,494 

(1,749-3,557) 

9. Guarda 88 0,077 3,267 
(0,878-12,153) 0,001 2,846 

(1,537-5,27) 

10. Leiria 425 0,019 2,545 
(1,167-5,548) 0,011 1,633 

(1,119-2,382) 

11. Viseu 282 0,087 2,3 
(0,885-5,976) 0,058 1,551 

(0,985-2,442) 

12. Portalegre 59 0,168 2,627 
(0,666-10,362) 0,221 1,74 

(0,717-4,224) 

13. Porto 1741 0,071 1,728 
(0,955-3,128) 0,783 1,038 

(0,798-1,349) 

14. Santarém 236 0,002 4,116 
(1,668-10,156) 0 2,712 

(1,759-4,18) 

15. Setúbal 711 0,001 2,982 
(1,559-5,705) 0,003 1,618 

(1,183-2,213) 

16. Viana do Castelo 186 0 5,16 
(2,313-11,511) 0,191 1,436 

(0,835-2,47) 

17. Vila Real 144 0,169 2,468 
(0,681-8,942) 0,001 2,441 

(1,415-4,212) 
Localization: 

Inside urban area 
(reference) 

N=8244 
1. Outside urban area 329 0 5,277 

(3,18-8,757) 0,005 1,666 
(1,167-2,377) 

Driver's age: 

30-39 years old 
(reference) 

N=1970 

1. 40-49 years old 1759 0,382 1,248 
(0,76-2,051) 0,719 0,957 

(0,754-1,215) 

2. 50-59 years old 1319 0,877 0,957 
(0,548-1,67) 0,104 0,803 

(0,616-1,046) 

3. 60-69 years old 960 0,117 0,546 
(0,256-1,164) 0,216 0,828 

(0,613-1,117) 
4. Greater than or equal 

to 70 years old 651 0,683 1,161 
(0,568-2,37) 0,043 0,688 

(0,479-0,988) 
5. Less than or equal to 

19 years old 243 0,439 1,505 
(0,534-4,241) 0,479 1,198 

(0,727-1,975) 



 

 

 

 

105 

 
 
 
 

6. 20-29 years old 1671 0,007 1,909 
(1,191-3,061) 0,046 1,264 

(1,004-1,591) 
Circulation Regime: 

Two-way street 
 (reference) 

N=6655 
1. One-way street 1918 0,009 0,517 

(0,315-0,85) 0 0,627 
(0,503-0,78) 

Illumination: 

Day  
(reference) 

N=6126 

1. Dawn or twilight 263 0,002 3,388 
(1,563-7,347) 0,524 1,162 

(0,733-1,842) 

2. Night, with illumination 1879 0 3,097 
(1,765-5,434) 0,16 1,2 

(0,93-1,547) 
3. Night, without 

illumination 305 0 5,395 
(2,789-10,435) 0,005 1,738 

(1,181-2,557) 

Road Marks: 

 Without road 
marks or barely 

visible 
(reference)  

N=3599 

1. With marks – 
separating driver 

direction 
2672 0,506 1,14 

(0,774-1,679) 0,016 1,266 
(1,045-1,533) 

2. With marks – 
separating driver 

direction and traffic lanes 
2302 0,953 0,986 

(0,623-1,661) 0,006 1,345 
(1,088-1,664) 

Road division: 
Road without 

division 
 (reference) 

N=3599 

1. Highway or with an 
road division 2672 0,169 2,468 

(0,681-8,945) 0,001 4,264 
(1,759-10,337) 

2. Other road type 2302 0,014 1,823 
(1,132-2,935) 0 1,536 

(1,219-1,935) 
Pedestrian’s Age: 

Greater than or 
equal to 65 years 

old 
(reference) 

N=2598 

1. Less than or equal to 
14 years old 1430 0 0,21 

(0,102-0,429) 0 0,493 
(0,383-0,634) 

2. 15-39 years old 2082 0 0,273| 
(0,17-0,44) 0 0,405 

(0,323-0,506) 

3. 40-64 years old 2463 0 0,504 
(0,345-0,737) 0 0,538 

(0,441-0,656) 

Pedestrian’s Gender: 
Female 

(reference) 
N=4738 

1. Male 3835 0,001 1,743 
(1,245-2,44) 0,071 1,159 

(0,987-1,361) 

Vehicle Design/Category: 

Light vehicle 
 (reference) 

N=7778 

1. Heavy vehicle 351 0 6,298 
(3,831-10,355) 0 2,927 

(2,138-4,008) 

2. Motorcycle or Mopeds 331 0,002 0,191 
(0,066-0,556) 0 0,332 

(0,193-0,573) 
3. Others (agricultural 

vehicle, vehicle on rails 
and industrial vehicle) 

47 0,36 2,047 
(0,4412-9,508) 0 4,378 

(2,17-8,836) 

4. Velocipede with or 
without engine 66 . 

0,000000002894 
(0,000000002894-
0,000000002894) 

0,022 0,179 
(0,041-0,782) 

Driver’s Gender: 
 Male 

(reference) 
N=6359 

1. Female 2214 0,008 0,511 
(0,312-0,836) 0,135 0,861 

(0,709-1,047) 

Driver Injury Severity: 

 Uninjured 
(reference) 

N=8351 

1. Dead/Seriously Injury 15 0 83,278 
(14,922-464,769) 0 22,288 

(5,141-96,625) 

2. Minor Injury 207 0 6,08 
(2,912-12,693) 0 3,887 

(2,456-6,152) 
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Table I.3 – Model’s adjustment by comparing the full model (Null) to the model final adjusted model 
(Final). 

Model Model Fitting Criteria Likelihood Ratio Tests 

AIC BIC 
-2 Log 

Likelihood Chi-Square df Sig. 

 
Null 1,865E4 1,865E4 1,865E4    
Final 5,886E3 6,606E3 5,682E3 1,297E4 102 ,000 

Table I.4 – Goodness-of-fit quality test of Pearson and Deviance 

Goodness-of-Fit 
 Chi-Square df Sig. 

Pearson 14580,266 15398 1,000 
Deviance 5527,366 15398 1,000 

Table I.5 – Test of the strength between dependent and independent variables (Pseudo R-Squared). 

Cox and Snell ,780 
Nagelkerke ,877 
McFadden ,689 

Table I.6 – Likelihood Ratio Tests 

Table I.7 – Parameter Estimates. 

Pedestrian Injury severity(a) B Std. 
Error Wald df Sig. Exp(B) 

95% Confidence 
Interval for Exp(B) 

Lower 
Bound 

Upper 
Bound 

Dead Testealcool Not measured by driver escape 
/ driver not contacted at the 

time of the accident 

-6,378 ,798 63,950 1 ,000 ,002 ,000 ,008 

  Not measured for other 
reasons  

-4,021 ,522 59,352 1 ,000 ,018 ,006 ,050 

Effect 

Model Fitting Criteria Likelihood Ratio Tests 

AIC of 
Reduced 

Model 

BIC of 
Reduced 

Model 

-2 Log 
Likelihood 
of Reduced 

Model 
Chi-Square df Sig. 

Testealcool 6,019E3 6,696E3 5,827E3 144,227 6 ,000 
Lesoescond 5,943E3 6,634E3 5,747E3 64,160 4 ,000 
Sexocond 5,892E3 6,598E3 5,692E3 9,710 2 ,008 
Sexopeao 5,895E3 6,601E3 5,695E3 12,895 2 ,002 
Marcavia 5,888E3 6,580E3 5,692E3 9,873 4 ,043 
Caracttec 5,903E3 6,594E3 5,707E3 24,225 4 ,000 

Localizacoes 5,922E3 6,627E3 5,722E3 39,328 2 ,000 
Hora 5,887E3 6,550E3 5,699E3 16,173 8 ,040 

Distrito 5,996E3 6,476E3 5,860E3 178,018 34 ,000 
Regcirc 5,907E3 6,612E3 5,707E3 24,310 2 ,000 

Luminosidade 5,908E3 6,586E3 5,716E3 33,906 6 ,000 
Iddpeao 5,989E3 6,666E3 5,797E3 114,599 6 ,000 

Categveic 5,994E3 6,657E3 5,806E3 123,565 8 ,000 
Idadecond 5,896E3 6,531E3 5,716E3 33,765 12 ,001 

The chi-square statistic is the difference in -2 log-likelihoods between the final model and a reduced 
model. The reduced model is formed by omitting an effect from the final model. The null hypothesis is 

that all parameters of that effect are 0. 
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  Greater than or equal to  0,5 g/l -3,558 ,413 74,217 1 ,000 ,028 ,013 ,064 
  Less than  0,5 g/l -5,127 ,360 202,948 1 ,000 ,006 ,003 ,012 

Lesoescond Dead/Seriously injured 4,422 ,877 25,412 1 ,000 83,278 14,922 464,769 
  Minor injury 1,805 ,376 23,101 1 ,000 6,080 2,912 12,693 
  Uninjured 0b . . 0 . . . . 

Sexocond Female -,672 ,252 7,140 1 ,008 ,511 ,312 ,836 
  Male 0b . . 0 . . . . 

Sexopeao Male ,555 ,172 10,455 1 ,001 1,743 1,245 2,440 
  Female 0b . . 0 . . . . 

Marcavia With marks – separating driver 
direction 

,131 ,197 ,442 1 ,506 1,140 ,774 1,679 

  With marks – separating driver 
direction and traffic lanes 

-,014 ,234 ,003 1 ,953 ,986 ,623 1,561 

  Without road marks or barely 
visible 

0b . . 0 . . . . 

Caracttec Highway or with an road 
division 

,903 ,657 1,890 1 ,169 2,468 ,681 8,945 

  Other road type ,600 ,243 6,098 1 ,014 1,823 1,132 2,935 
  Road without division 0b . . 0 . . . . 

Localizacoes Outside urban area 1,663 ,258 41,427 1 ,000 5,277 3,180 8,757 
  Inside urban area 0b . . 0 . . . . 

Hora 16h-18h -,373 ,280 1,771 1 ,183 ,688 ,397 1,193 
  19h-00h -,350 ,335 1,086 1 ,297 ,705 ,365 1,360 
  1h-6h ,146 ,451 ,105 1 ,746 1,157 ,478 2,799 
  7h-9h ,359 ,266 1,822 1 ,177 1,432 ,850 2,410 
  10h-15h 0b . . 0 . . . . 

Distrito Aveiro ,559 ,392 2,029 1 ,154 1,749 ,810 3,775 
  Beja 1,051 ,766 1,884 1 ,170 2,860 ,638 12,825 
  Braga 1,628 ,322 25,613 1 ,000 5,094 2,712 9,570 
  Bragança 1,807 ,680 7,068 1 ,008 6,092 1,608 23,086 
  Castelo Branco -,127 1,058 ,014 1 ,904 ,881 ,111 7,010 
  Coimbra ,457 ,543 ,708 1 ,400 1,580 ,545 4,582 
  Évora 1,921 ,680 7,990 1 ,005 6,828 1,802 25,868 
  Faro ,371 ,459 ,651 1 ,420 1,448 ,589 3,563 
  Guarda 1,184 ,670 3,119 1 ,077 3,267 ,878 12,153 
  Leiria ,934 ,398 5,516 1 ,019 2,545 1,167 5,548 
  Viseu ,833 ,487 2,920 1 ,087 2,300 ,885 5,976 
  Portalegre ,966 ,700 1,903 1 ,168 2,627 ,666 10,362 
  Porto ,547 ,303 3,265 1 ,071 1,728 ,955 3,128 
  Santarém 1,415 ,461 9,426 1 ,002 4,116 1,668 10,156 
  Setúbal 1,093 ,331 10,896 1 ,001 2,982 1,559 5,705 
  Viana do Castelo 1,641 ,409 16,072 1 ,000 5,160 2,313 11,511 
  Vila Real ,903 ,657 1,891 1 ,169 2,468 ,681 8,942 
  Lisboa 0b . . 0 . . . . 

Regcirc One-way street -,659 ,253 6,767 1 ,009 ,517 ,315 ,850 
  Two-way street 0b . . 0 . . . . 

Luminosidad
e 

Dawn or twilight 1,220 ,395 9,549 1 ,002 3,388 1,563 7,347 

  Night, with illumination 1,131 ,287 15,540 1 ,000 3,097 1,765 5,434 
  Night, without illumination 1,685 ,337 25,076 1 ,000 5,395 2,789 10,435 
  Day 0b . . 0 . . . . 

Iddpeao Less than or equal to 14 years 
old 

-1,563 ,365 18,308 1 ,000 ,210 ,102 ,429 

  15-39 years old -1,297 ,242 28,592 1 ,000 ,273 ,170 ,440 
  40-64 years old -,684 ,194 12,487 1 ,000 ,504 ,345 ,737 
  Greater than or equal to 65 

years old 
0b . . 0 . . . . 
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Categveic Heavy vehicle 1,840 ,254 52,622 1 ,000 6,298 3,831 10,355 
  Motorcycle or Mopeds -1,654 ,544 9,236 1 ,002 ,191 ,066 ,556 
  Others (agricultural vehicle, 

vehicle on rails and industrial 
vehicle) 

,717 ,783 ,837 1 ,360 2,047 ,441 9,508 

  Velocipede with or without 
engine 

-19,661 ,000 . 1 . 2,894E-9 2,894E-9 2,894E-9 

  Light vehicle 0b . . 0 . . . . 
Idadecond 40-49 years old ,222 ,253 ,766 1 ,382 1,248 ,760 2,051 

  50-59 years old -,044 ,284 ,024 1 ,877 ,957 ,548 1,670 
  60-69 years old -,605 ,386 2,458 1 ,117 ,546 ,256 1,164 
  Greater than or equal to 70 

years old 
,149 ,364 ,167 1 ,683 1,161 ,568 2,370 

  Less than or equal to 19 years 
old 

,409 ,528 ,599 1 ,439 1,505 ,534 4,241 

  20-29 years old ,647 ,241 7,211 1 ,007 1,909 1,191 3,061 
 30-39 years old 0b . . 0 . . . . 

Serious
ly 

injured 

Testealcool Not measured by driver escape 
/ driver not contacted at the 

time of the accident  

-3,201 ,270 140,102 1 ,000 ,041 ,024 ,069 

  Not measured for other 
reasons (refusal, illness, injury 

or death resulting from the 
accident) 

-2,832 ,351 64,990 1 ,000 ,059 ,030 ,117 

  Greater than or equal to 0,5 g/l -1,401 ,198 50,246 1 ,000 ,246 ,167 ,363 
  Less than 0,5 g/l -2,855 ,160 320,061 1 ,000 ,058 ,042 ,079 

Lesoescond Dead/Seriously Injury 3,104 ,748 17,204 1 ,000 22,288 5,141 96,625 
  Minor Injury 1,358 ,234 33,601 1 ,000 3,887 2,456 6,152 
  Uninjured 0b . . 0 . . . . 

Sexocond Female -,149 ,100 2,237 1 ,135 ,861 ,709 1,047 
  Male 0b . . 0 . . . . 

Sexopeao Male ,148 ,082 3,253 1 ,071 1,159 ,987 1,361 
  Female 0b . . 0 . . . . 

Marcavia With marks – separating driver 
direction 

,236 ,098 5,799 1 ,016 1,266 1,045 1,533 

  With marks – separating driver 
direction and traffic lanes 

,297 ,108 7,485 1 ,006 1,345 1,088 1,664 

  Without road marks or barely 
visible 

0b . . 0 . . . . 

Caracttec Highway or with an road 
division 

1,450 ,452 10,306 1 ,001 4,264 1,759 10,337 

  Other road type ,429 ,118 13,235 1 ,000 1,536 1,219 1,935 
  Road without division 0b . . 0 . . . . 

Localizacoes Outside urban area ,510 ,181 7,900 1 ,005 1,666 1,167 2,377 
  Inside urban area 0b . . 0 . . . . 

Hora 16h-18h ,224 ,116 3,729 1 ,053 1,251 ,997 1,572 
  19h-00h ,326 ,151 4,680 1 ,031 1,385 1,031 1,860 
  1h-6h ,324 ,270 1,442 1 ,230 1,383 ,815 2,347 
  7h-9h ,305 ,126 5,920 1 ,015 1,357 1,061 1,736 
  10h-15h 0b . . 0 . . . . 

Distrito Aveiro ,419 ,177 5,612 1 ,018 1,521 1,075 2,151 
  Beja 1,255 ,346 13,201 1 ,000 3,509 1,783 6,908 
  Braga ,829 ,154 28,862 1 ,000 2,290 1,693 3,098 
  Bragança 1,767 ,291 36,900 1 ,000 5,854 3,310 10,352 
  Castelo Branco 1,562 ,255 37,672 1 ,000 4,769 2,896 7,853 
  Coimbra -,721 ,355 4,129 1 ,042 ,486 ,243 ,975 
  Évora 1,454 ,322 20,356 1 ,000 4,281 2,276 8,053 
  Faro ,914 ,181 25,477 1 ,000 2,494 1,749 3,557 
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  Guarda 1,046 ,314 11,063 1 ,001 2,846 1,537 5,270 
  Leiria ,490 ,193 6,478 1 ,011 1,633 1,119 2,382 
  Viseu ,439 ,232 3,587 1 ,058 1,551 ,985 2,442 
  Portalegre ,554 ,453 1,497 1 ,221 1,740 ,717 4,224 
  Porto ,037 ,134 ,076 1 ,783 1,038 ,798 1,349 
  Santarém ,998 ,221 20,418 1 ,000 2,712 1,759 4,180 
  Setúbal ,481 ,160 9,085 1 ,003 1,618 1,183 2,213 
  Viana do Castelo ,362 ,277 1,711 1 ,191 1,436 ,835 2,470 
  Vila Real ,892 ,278 10,287 1 ,001 2,441 1,415 4,212 
  Lisboa 0b . . 0 . . . . 

Regcirc One-way street -,468 ,112 17,429 1 ,000 ,627 ,503 ,780 
  Two-way street 0b . . 0 . . . . 

Luminosidad
e 

Dawn or twilight ,150 ,235 ,406 1 ,524 1,162 ,733 1,842 

  Night, with illumination ,182 ,130 1,970 1 ,160 1,200 ,930 1,547 
  Night, without illumination ,553 ,197 7,868 1 ,005 1,738 1,181 2,557 
  Day 0b . . 0 . . . . 

Iddpeao Less than or equal to 14 years 
old 

-,708 ,128 30,402 1 ,000 ,493 ,383 ,634 

  15-39 years old -,905 ,115 62,276 1 ,000 ,405 ,323 ,506 
  40-64 years old -,620 ,101 37,624 1 ,000 ,538 ,441 ,656 
  Greater than or equal to 65 

years old 
0b . . 0 . . . . 

Categveic Heavy vehicle 1,074 ,160 44,877 1 ,000 2,927 2,138 4,008 
  Motorcycle or Mopeds -1,102 ,278 15,722 1 ,000 ,332 ,193 ,573 
  Others (agricultural vehicle, 

vehicle on rails and industrial 
vehicle) 

1,477 ,358 16,990 1 ,000 4,378 2,170 8,836 

  Velocipede with or without 
engine 

-1,720 ,752 5,226 1 ,022 ,179 ,041 ,782 

  Light vehicle 0b . . 0 . . . . 
Idadecond 40-49 years old -,044 ,122 ,129 1 ,719 ,957 ,754 1,215 

  50-59 years old -,219 ,135 2,640 1 ,104 ,803 ,616 1,046 
  60-69 years old -,189 ,153 1,529 1 ,216 ,828 ,613 1,117 
  Greater than or equal to 70 

years old 
-,373 ,185 4,091 1 ,043 ,688 ,479 ,988 

  Less than or equal to 19 years 
old 

,181 ,255 ,502 1 ,479 1,198 ,727 1,975 

  20-29 years old ,234 ,118 3,970 1 ,046 1,264 1,004 1,591 
 30-39 years old 0b . . 0 . . . . 

Table I.8 – Classification table. 

Observed 
Predicted 

Morto Ferido grave Ferido ligeiro Percent Correct 
Morto 15 12 150 8,5% 

Ferido grave 4 41 716 5,4% 
Ferido ligeiro 5 25 7605 99,6% 

Overall Percentage ,3% ,9% 98,8%  
 89,4% 
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Appendix II – SPSS output for the analysis of age risk factors 

SPSS full description output of the used dataset and variables to the gathered data from ANSR and 

INMLCF regarding the age risk factors statistical analysis for pedestrian road accidents. 

Table II.1 - Description and frequency distribution of all variables considered 

Variable (SPSS name) Variable Category N Marginal 
Percentage 

Dependent Variable 

Pedestrian’s Age 
(“Iddpeao”) 

1. Less than or equal to 15 years old 5 6,8% 
2. 16-39 years old 11 14,9% 
3. 40-59 years old 16 21,6% 

4. Greater than or equal to 60 years old (reference) 42 56,8% 
Independent Variable 

Month of the accident (“mes”) 

1. From April until June 15 20,3% 
2. From July until September 14 18,9% 

3. From October until December 18 24,3% 
4. From January until March (reference) 27 36,5% 

Day of the accident (“diasemana”) 1. Weekend 16 21,6% 
2. Workweek (reference) 58 78,4% 

Time of Day- hours (“Hora”) 

1. 20h00-23h59 11 14,9% 
2. 00h00-03h59 1 1,4% 
3. 04h00-7h59 8 10,8% 

4. 08h00-11h59 19 25,7% 
5. 12h00-15h59 13 17,6% 
6. 16h00-19h59 22 29,7% 

Localization (“Localizacoes”) 1. Outside urban area 6 8,1% 
2. Inside urban area (reference) 68 91,9% 

Road Category (“CodVia”) 

1. National Road (EN) 8 10,8% 
2. Municipal Road (EM) 1 1,4% 

3. Complementary Itinerary (IC) 3 4,1% 
4. Others (Inside urban area) (reference) 62 83,8% 

Road division (“caracttec”) 1. Other road type 21 28,4% 
2. Road without division (reference) 53 71,6% 

Grip conditions (“condader”) 
1. Wet (includes wet, with water on the roadway and humid) 30 40,5% 

2. With gravel or sand 1 1,4% 
3. Dry and clean (reference) 43 58,1% 

Road Surface condition 
(“Estadodecons”) 

1. Poor condition 2 2,7% 
2. Good condition or regular (reference) 72 97,3% 

Weather characteristics 
(“Factoresatm”) 

1. Bad weather 11 14,9% 
2. Good weather (reference) 63 85,1% 

Circulation Regime (“Regcirc”) 1. One-way street 14 18,9% 
2. Two-way street (reference) 60 81,1% 

Road Intersection (“Interscvias”) 1. At an intersection 18 24,3% 
2. Outside intersection (reference) 56 75,7% 

Illumination (“Luminosidade”) 

1. Dawn or twilight 6 8,1% 
2. Night, with illumination 19 25,7% 

3. Night, without illumination 5 6,8% 
4. Day (reference) 44 59,5% 

Road Marks 
(“Marcavia”) 

1. Without road marks or barely visible (reference) 21 28,4% 
2. With marks – separating driver direction and traffic lanes 

(reference) 53 71,6% 

Nature of pedestrian road accidents 
(“Natureza”) 

1. Pedestrian road accidents with driver’s escape 1 1,4% 
2. Pedestrian road accidents (reference) 73 98,6% 

Obstacles on the path 
(“Obstaculos”) 

1. Correctly flagged 3 4,1% 
2. Nonexistent (reference) 71 95,9% 
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Traffic Lights (“sinaislum”) 1. Normally functioning 15 20,3% 
2. Absent (reference) 59 79,7% 

Road (“Tracado_um”) 1. Curved 8 10,8% 
2. Straight (reference) 66 89,2% 

Road gradient (“Tracado_dois”) 
3. In a bump 1 1,4% 

4. With tilt 25 33,8% 
5. Plane (reference) 48 64,9% 

Berm features (“Tracado_tres”) 1. Without berm or impractical 30 40,5% 
2. With a berm (reference) 44 59,5% 

Location of the accident on the 
road  (“Tracado_quatro”) 

1. On the berm 1 1,4% 
2. On the sidewalk 3 4,1% 
3. On parking lot 1 1,4% 

4. On plain track (reference) 69 93,2% 

Location of the accident on the 
road lane (“viatransito”) 

1. Left 10 13,5% 
2. Central 8 10,8% 

3. Right (reference) 56 75,7% 

Vehicle Design/Category 
(“Categveic”) 

1. Heavy vehicle 10 13,5% 
2. Motorcycle 2 2,7% 

3. Passenger vehicle (reference) 62 83,8% 

Driver’s Gender (“Sexocond”) 1. Female 12 16,2% 
2. Male (reference) 62 83,8% 

Driver’s age (“idadecond”) 

1. 30-39 years old 22 29,7% 
2. 40-49 years old 14 18,9% 
3. 50-59 years old 6 8,1% 
4. 60-69 years old 8 10,8% 

5. Greater than or equal to 70 years old 3 4,1% 
6. Less than or equal to 19 years old 2 2,7% 

7. 20-29 years old (reference) 19 25,7% 

Driver’s action (“Accoescond”) 

1. Driving in the opposite established direction 1 1,4% 
2. Change of direction to the left 1 1,4% 

3. Change of direction to the right 2 2,7% 
4. Overtaking on the left 1 1,4% 

5. Change traffic lane to the right 1 1,4% 
6. Beginning of march 4 5,4% 

7. Reversing 3 4,1% 
8. Blunt deviation or exit traffic jam 3 4,1% 

9. Normal driving or march (reference) 58 78,4% 

Pedestrian’s Action 
(“Accoespeao”) 

1. In the middle lane 15 20,3% 
2. Transiting in the right lane 2 2,7% 
3. Transiting in the left lane 1 1,4% 

4. Transiting by the berm or sidewalk 3 4,1% 
5. In refuge on the road 1 1,4% 
6. In works on the road 2 2,7% 

7. Crossing into signalized passage with semaphore signaling 
disrespect 5 6,8% 

8. Crossing off the pedestrian crossing, less than 50 meters 
from a passage 16 21,6% 

9. Crossing off the pedestrian crossing over 50 meters of a 
passage or when there wasn’t any passage 10 13,5% 

10. Appearing on the roadway unexpectedly from behind a 
barrier 5 6,8% 

11. Crossing at signalized crossing (reference) 14 18,9% 

Pedestrian’s Gender (“Sexopeao”) 1. Female 22 29,7% 
2. Male (reference) 52 70,3% 

Days until death 
(“Diasateobito”) 

1. More than 30 days 5 6,8% 
2. 10-30 days 4 5,4% 
3. 5-10 days 7 9,5% 
4. 1-5 days 20 27,0% 

5. Less than 1 day (reference) 38 51,4% 

Abbreviated Injury Scale – Head 
and neck (“AISCabeca_Pescoco”) 

1. AIS=0 (No injury) 6 8,1% 
2. AIS=1 (Minor) 5 6,8% 

3. AIS=2 (Moderate) 5 6,8% 
4. AIS=3 (Serious) 14 18,9% 
5. AIS=4 (Severe) 21 28,4% 
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6. AIS=5 (Critical) 21 28,4% 
7. AIS=6 (Unsurvivable) 2 2,7% 

Abbreviated Injury Scale – Face 
(“AISFace”) 

1. AIS=0 (No injury) 63 85,1% 
2. AIS=1 (Minor) 8 10,8% 

3. AIS=2 (Moderate) 2 2,7% 
4. AIS=3 (Serious) 1 1,4% 

Abbreviated Injury Scale – Thorax 
(“AISTorax”) 

1. AIS=0 (No injury) 9 12,2% 
2. AIS=2 (Moderate) 3 4,1% 
3. AIS=3 (Serious) 33 44,6% 
4. AIS=4 (Severe) 14 18,9% 
5. AIS=5 (Critical) 15 20,3% 

Abbreviated Injury Scale – 
Abdomen and Pelvic Content 

(organs) 
(“AISAbdomen_Conteudopelvico”) 

1. AIS=0 (No injury) 35 47,3% 
2. AIS=2 (Moderate) 14 18,9% 
3. AIS=3 (Serious) 14 18,9% 
4. AIS=4 (Severe) 10 13,5% 
5. AIS=5 (Critical) 1 1,4% 

Abbreviated Injury Scale – 
Extremities and pelvic bone 

structure 
(“AISExtremidades_armacaopelvica

”) 

1. AIS=0 (No injury) 19 25,7% 
2. AIS=2 (Moderate) 23 31,1% 
3. AIS=3 (Serious) 27 36,5% 

4. AIS=4 (Severe) 5 6,8% 

Abbreviated Injury Scale – Exterior 
(“AISExterior”) 1. AIS=1 (Minor) 74 100,0% 

NISS 
(“NISS_A”) 

1. NISS 75 3 4,1% 
2. NISS 9-15 2 2,7% 

3. NISS 16-24 6 8,1% 
4. NISS 25-40 21 28,4% 
5. NISS 41-49 17 23,0% 

6. NISS 50-74 (reference) 25 33,8% 
Valid 74 100,0% 

Missing 26  
Total 100  

Subpopulation 74a  
a. The dependent variable has only one value observed in 74 (100,0%) subpopulations. 
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Appendix III – INMLCF Database contents and description 

Full description of the tabs organization, categories and contents that were used within the INMLCF 

Database for the ANSR tab. 

Table III.1 – Categories and description for ANSR tab in the INMLCF Database.  

Categories Description 
Case number (“Indivíduo”) Unique number that identifies each victim 

Year of the accident (“Ano”) Year when the pedestrian road accidents occurred 
Month of the accident (“Mês”) Month when the pedestrian road accidents occurred 

Day of the accident (“Dia da semana”) Day of the week when the pedestrian road accidents 
occurred (being 1=Sunday) 

Time of Day- hours (“Hora”) Hour of the pedestrian road accidents 
District (“Distrito”) District where the pedestrian road accidents occurred 

Localization (“Localizações”) Inside or Outside rural zones 
Road Category (“Cod Via”) IP, IC, AE, VAR, LOC 

Street’s name (“Nome arruamento”) Street’s name where the pedestrian road accidents 
occurred 

Road division (“Características Técnicas1”) Existence or non-existence or a physical road division 
Grip conditions (“Cond Aderência”) Road grip conditions 

Road Surface condition (“Estado de conservação”) Road surface status 

Weather characteristics (“Factores atmosféricos”) Weather description at the time of the pedestrian road 
accidents 

Road Intersection (“Intersecção de Vias”) Road intersection type description 
Illumination (“Luminosidade”) Local artificial illumination at the scene 

Road Marks (“Marca Via”) Ground street marks at the scene 

Nature of pedestrian road accidents (“Natureza”) Normal pedestrian road accidents or with driver’s 
escape 

Obstacles on the path (“Obstáculos”) Presence or absence of obstacles on the road at the 
time of the pedestrian road accidents incident 

Road Surface (“Tipo Piso”) Road surface type 
Road configuration (“Traçado 1”) Curved or straight road 

Circulation regime by km (“Sentidos”) One-way or two-way street 
Street signs (“Sinais”) Signs on the street/scene (STOP, etc.) 

Street lightning signs (“Sinais de iluminação”) Road signals with illumination status 
Road gradient (“Tracado 2”) Road gradient characteristic 
Berm features (“Tracado 3”) Berm/Sidewalk characteristics 

Location of the accident on the road  (“Tracado 4”) Accident location (parking lot, berm, etc.) 
Location of the accident on the road lane (“Via 

Trânsito”) 
Central lane, left lane or right line 

Pedestrian’s Action (“Acções Peão”) Pedestrian’s action before the pedestrian road 
accidents 

Days until dead (“Dias até óbito”) Days until the confirmed death of the pedestrian since 
the pedestrian road accidents 

AIS Head/Neck (“AIS Cabeça/Pescoço”) Max. score on head and neck using Abbreviated 
Injury Scale 

AIS Face (“AIS Face”) Max. score on face using AIS 
AIS Abdomen/ Pelvic content (“AIS 

Abdómen/Conteúdo pélvico”) 
Max. score on abdomen and pelvic content (organs) 

using AIS 
AIS Thorax (“AIS Tórax”) Max. score on thorax using AIS 

AIS Extremities or Pelvic structure (“AIS 
Extremidades ou armação pélvica”) 

Max. score on extremities (arms, legs, etc.) and pelvic 
bone structure 

AIS Exterior (“AIS Exterior”) Max. score on exterior of the body 
NISS (“ISS”) New Injury severity score (see chapter 2) 

Cause of death (“Causa de morte”) Medico-legal conclusion – cause of death 

Vehicle Design/ Category (“Categoria Veículos”) Vehicle which was involved in the pedestrian road 
accidents incident 

Driver’s Gender (“Sexo condutor”) Responsible driver’s gender 
Driver’s age (“idade condutor”) Responsible driver’s age 

Driver Injury Severity (“Lesoescond”) Injury sustained by driver after the accident 
Driving license (“Licença condução”) Driving license status 

Driving licence’s year (“Anocarta”) Starting year of driving license 
Driver’s action (“Acções Condutores”) Driver’s action before the pedestrian road accidents 

Complementary information regarding driver’s More information about the driver’s action at the time 
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actions (“Inf comp a Acções e Manobras”) of the incident (e.g., signal disrespecting, mechanical 
car failure, etc.) 

Blood Alcohol Test (“Teste Alcool”) If submitted or not to the BAC test 
Blood Alcohol Concentration (“Nível Alcoolemia”) BAC in g/l 

Table III.2 – Tabs and contents in the INMLCF Database 

Key: Litigation Nº INMLCF 

Preamble (“Preâmbulo”) 

NUIPC 
Expert 
Court 

Source of information 
Content of information 

Date of the autopsy 
Hour of the autopsy 

Expertise status 

ID elements 

Victim’s name 
Victim’s gender 
Apparent age 

Race 
Hair 
Iris 

Weight 
Height 
Scars 

Tattoos 
Marital status 
Occupation 

Clothes and objects 

Attachments 
Accident sketch 

Medical imaging examinations 
Victims photos 

External examination 

Rigor mortis 
Livor mortis 

Signs of dehydration 
Signs of putrefaction 

Head 
Neck 

Thorax 
Abdomen 

Anus and genitals 
Superior members 
Inferior members 

Internal examination 

Head and Face 

Soft tissue 
Cranial bones- vault 
Cranial bones- base 

Meninges 
Brain 

Brain’s weight 
Orbit and eye glob 

Mouth cavity and Tongue 
Facial bones 

Neck 

Walls 
Muscles 

Hyoid bone and cartilages 
Vessels 

Larynx and Trachea 
Pharynx and Esophagus 

Thorax Walls 



 

 

 

 

115 

  

Sternum 
Ribs, Cartilage and right clavicle 
Ribs, Cartilage and left clavicle 
Pericardium e pericardial cavity 

Heart 
Heart’s weight 

Coronary artery 
Pulmonary artery and branches 

Trachea and bronchi 
Parietal pleura and right pleural cavity 
Parietal pleura and left pleural cavity 

Right lung and Visceral pleura 
Right lung weight 

Left lung and Visceral pleura  
Left lung weight 

Esophagus 
Diaphragm 

Abdomen 

Walls 
Peritoneum and Peritoneal wall 

Liver 
Liver weight 

Vesicle e biliary ducts 
Stomach 
Intestines 
Pancreas 

Pancreas weight 
Spleen 

Spleen weight 
Right kidney 

Right kidney weight 
Left kidney 

Left kidney weight 
Abdominal aorta 

Bladder 
Genitalia 

Pelvis 

Vertebral column, 
meninges and spinal cord 

Cervical 
Lumbar 
Thoracic 
Meninges 

Cord 

Members 

Left superior member 
Right superior member 

Left inferior member 
Right inferior member 

Laboratorial tests 
Alcohol 
Drugs 

Medication 
Medico-Legal conclusions Cause of death 
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Appendix IV – Additional details for the computational simulation 

Further information is provided in this section for the used parameters, as well as simulation 

results and other important items. 

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

 
 

Figure IV.1 – Aereal view of the accident location. 

Table IV.1 – PC-Crash car characteristics 

Manufacturer Smart Drive mode Hinterrader 

Name Fortwo 1.0 
61 PS 

No. of axles 2 

Type - Vehicle type 10 

Origin - No. of gears 5 

Built from 01/2008 Axle ratio 4.53 

Built to 12/2008 Transmission ratios 3.07 1.91 1.26 0.94 
0.77 

Displacement [ccm] 999 Moment diagram - 

Engine power [kW] 45 rpm @ max power 5800 

Engine type Benzinmotor Max. rpm - 

Vehicle shape Coupé rpm @ max torque 3000 

Weight [kg] 750 Wheelbase [m] 1.865 

Length [m] 2.695 Tire dimensions 1 - 

Width [m] 1.56 Rear overhang [m] - 

Height [m] 1.54 Front overhang [m] - 

Track width [m] 1.285 Dxf drawing - 

C.O.G height [m] - Dxf drawing side - 

Dist. COG front axle [m] - Dxf 3D - 

Max. velocity [km/h] 145 Photographs 2008\Smart\Fortwo 
1_0 61 PS 

Turning circle [m] 8.8 Side view  

Max. engine torque [Nm[ 89 Accel. 0-100 km/h 16.7 
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Figure IV.2 – Damages in the car involved in the accident. 

Table IV.2 – Friction and Restitution Coefficients range values. 

Friction and Restitution Coefficients Used 
values 

Recommended 
values 

Obs. 

Friction coefficient between tire/ pavement 0,6 
 

0,4 – 1,2 1 

Friction coefficient between victim/ pavement 0,8 0,66 – 1,1 2 
Restitution coefficient between victim / car 
 

0,1 0,0 – 1,0 3 

	  
• Observations 6 

 
1. Friction coefficient between tire and pavement 
We have considered a rainy weather, regular tires and new pavement. 
 
 
2. Friction coefficient between victim and pavement 
The normal range values for this type of contacts are between 0,6 and 1,1. The minimum value 

corresponds to situations where the body rolls over on the floor. The maximum value corresponds to situations 
where there is a pure slippery state. Thus, we have considered the value of 0,8.  

 
 
3. Restitution coefficient between victim and car 
Pedestrian road accidents in moderate velocity conditions are essentially characterized by a low elastic 

recovery. Thus, we used a low value (0,1).  
 
 
 

 
 

                                                        
6 Reconstruction of Motor Vehicle Accidents: A Technical Compendium, Edited by S.H. Backaitis, Society of Automotive 

Engineers, SAE/PT-89/34 
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Figure IV.3 – Diagrams: a) Torso acceleration; b) Femur (right and left) axial load; c) Lower leg (right and 
left) critical load. 


