
Road safety: 

Reliable Data - 

Effective Policies 
 
 

Dietmar Otte 

 

Hannover Medical School 



Henry Bliss 14. 9. 1899 New York died in a 

collision with an electrical vehicle as pedestrian 

1890 driver killed  

1921  Washington  

1924  London  

Road traffic accidents in Statistics 



Road traffic accident statistics 
• German Empire   1.4.1906 

October 1th 1906  
4 864 damaging events 

145 persons killed and 2 419 injured persons 
Statistics determine for the first declaration day on 1.1.1907 

27 026 vehicles in the German Empire. 

1914 
1 785 damaging events with 504 killed persons and 6 313 injured persons 

The stock of licensed vehicles expanded to 93 072. 

1936 
2,5 mio. motor vehicles 

Number of accidents raised to approx. 267 000 with 174 000 injured persons 

and 8 388 killed persons 

Ingeborg Vorndran, Unfallgeschehen im Straßenverkehr 

2006, DeStatis 2007 



The seventies 

Germany 1976 

 

deaths  17.144 

 

Injured Casualties  531.000  



The nineties 
Germany 1996 

 

deaths  8.758 

 

Injured Casualties   493.158  



Safety in road traffic can be measured !  

xxxxxxxxxxx 

Number of deaths in Germany 



• 1903       Henry Ford      Automobil Modell A 

• 1903       Leveau             seat belt pinciple leather belt 

• 1903       Renault            5-Point-seat belt 

• 1905        Ford                 Modell TT truck 

• 1913        Ford                 first production in serie USA 

• 1948        Continental    Radial tire wheels 

• 1952        Mercedes        energy absorption zone 

• 1957        Mercedes        2-Point seat belt 

• 1959        Saab,Volvo      3-Point Seat belt 

• 1978        Mercedes        deformable steering column 

• 1980        Mercedes    Airbag  

• ………… 

 



Front design of cars – historical view 

60ies 70ies 



First In-depth-investigation on scene 
1973     Medical University Hannover 

1974-113 
1974-122 



Data sources in general 

• Police gather traffic accident data and transfer to accident 
statistics  

 DESTATIS, IRTAD, CARE, EuroStat, WHO, IDB 

 



Data sources in general 

• Police gather traffic accident data and transfer to accident 
statistics  

 DESTATIS, IRTAD, CARE, EuroStat, WHO, IDB 

• Hospitals gather medical patient data with details of 
injuries and (injury severity AIS) 

 Trauma Registry DGU-DE, TARN-UK 

• Insurer document claim settlements 
 GDV, DGUV,  

• In-Depth-Investigation On scene with specialized Teams 
 GIDAS, ADAC, INTACT, OTS, IFSTAR etc  

 



Amout of road deaths in Europe 2012 

1.1 mio    accidents 

1.5 mio    casualties 

  30.000   fatalites 



Source PIN report ETSC 2012 

Unfortunately there is no common definition of the injury 

severity in the EU-countries 



Statistics Germany 

0.8% 2.8% 1.4% 0.5% 1.5% 
15.3% 
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Casualties for different types of traffic participation in 2012 

killed persons severely injured slightly injured 

Source: Destatis 15 to 27 % related to their participation 

are severely injured in road traffic accidents 

in GERMANY 



Definition of Injury Severity 

Injury Severity official proposal DVR proposal MHH 

minor injured outpatient outpatient outpatient 

severe injured 
min. 24 h 
inpatient 
treatment 

min. 24 h stationary 
treatment 

min. 24 h inpatient 
treatment, MAIS 2+ 

most severe 
injured 
(proposal EU) 

- MAIS 3 + 

dangerous to 
life injured 
(proposed DVR) 

- 

primary medical 
intervention, 
intensive care 

treatment 

intensive care 
treatment, ISS > 15, 

MAIS 4+ 

fatal injured 
died within 30 

days 
died within 30 days died within 30 days 



The structure of the AIS code 

• AIS1     minor 

• AIS2     moderate 

• AIS3     serious 

• AIS4     severe 

• AIS5     critical 

• AIS6     maximum 

A B CD EF . G 

body region type of 

anatomic 

structure 

specific 

anatomic 

structure 

level of 

injury 

AIS severity 

code 
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n = 28.505 injured persons by traffic accident 
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injury severity 

official proposal DVR proposal MHH proposal EU 

• dangerous to life injured are 3% of all 

casualties  
 

• dangerous to life injured are about 75% of  

most severe injured, which are 5 % of all 

casualties 
 

• missing 25% are MAIS 3+ patients without 

intensive care treatment 
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all persons involved 
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70.9 

5.7 8.3 4.9 

34.1 

24.0 
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Definition of Injury Severity 

Injury Severity official 

minor injured outpatient 

severe injured 
min. 24 h 
inpatient 
treatment 

most severe 
injured 
(proposal EU) 

- MAIS 3 + 

fatal injured 
died within 30 

days 



Participating 

hospitals  
until 2012 

 

total:    614 

active 2012573 

inactive 41 

 

D:579 (543) 

A: 16 (13) 

SI: 5 (4) 

CH: 4 (4) 

NL: 4 (3) 

L: 2 (2) 

B: 1 (1) 

VAE: 1 (1) 

FIN: 1 (1) 

China: 1 (1) 
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Annual Number of Patients  ISS  > 15 

260 402 698 627 851 1211 1635
2500 2930 2808 3283 3281 3842
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‚Polytrauma‘ 
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National 
research 
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Online data 
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quality assessment 

in regional trauma 
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Conclusion for the situation 
available macroscopic data for Europe 

• No harmonized data 

• Many different sources of data 

 

 

• National statistics in different countries 

• Aggregated data  i.e. IRTAD, CARE, 

• Summerized data-reports i.e. PIN-program,  
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A step further to In-Depth-Data 



GIDAS 

     

How do Accidents happen? 
In-Depth-Investigation on scene 

Otte et al  



accident research - in-time practice 

Real World Analysis Experimental Simulation 

Official Statistics 

scientific Statistics 

Dummy test 

Cadaver tests 

Computerised modelling 

Nat. + int. statistics 

Accident Research Unit 

Crashtests 

Component tests 

Vehicle development 

Field analyses 

Computersimulation 



RO-SAT (Road Strategy for Accidents in Transport)               EC group of experts   2004 



CEA    Sarac II   2005 



Total investigations = 500 p.year 

VSRC in Nottinghamshire 

TRL in Thames Valley 

On The Spot          UK 
Investigations        from 2000  to 2012  new! 

 vehicle safety 

£ 2 million 

39 month 



Starting 2007 

INTACT 
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 Technische Universität  

Dresden 

2000 

accidents 

documente 

annually 

In-depth-investigation 

 BASt / FAT 
Accidents with injured persons 

In statistical representative 

Sampling procedure 

 

Common Database  

Medizinische 

 Hochschule Hannover 

Since 1999 Since 1973 

Otte et al  
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Technical Documentation 

• accident site, accident scetch 

• vehicles, deformations, damages 

• technical classifikations (acc. type, CDC) 

Medical Documentation 

• injuries 

• rescue system 

• medical clasificatiosn (AIS, ISS, GCS) 

Personal Interview 

• Interview 

• accident causation  

accident severity 

Delta-v 

EES 

injury 

severity 

accident 

causation 

factors 
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In-Depth Data 

At scene / in time retrospective 

At scene Other 

retrospective 

At scene 

Framework of In-Depth Data 

documentation of all traces 

final positions 

sketch for accident reconstruction  

Methodology of Accident Reseach Unit 
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cases 1999-2009  

n=27.286 

reconstructed cases 

n=25,423 

participants 

n=35,212 

cars 

n=21,761 

without multiple coll. 

n=16,667 

without rollover (n=87) 

n=16,580 

collision partner 

car (n=8,261) 

object (n=924) 

n=9,185 

driver 

n=8,937 

seat belted car driver in car/object collision 

n=7,601 

STATUS 

uncomplete n=471 

without reconstr.  n=1,392 

seat belt usage (RHSBEN) 

no belt n= 24 

not used n= 360 

unknown, missing n= 952 

Type of participation (ARTTEIL) 

gross vehicle n= 2,194 

bus, tram n= 700 

motorcycle n= 2,767 

bicycle n= 5,221 

pedestrian n= 2,479 

others n= 80 

unknown, missing n= 11 

collision partner 

gross vehicle n= 639 

bus, tram n= 169 

motorcycle n= 1,640 

bicycle n= 3,288 

pedestrian n= 1,623 

others n= 35 

unknown, missing n= 1 

number of collisions (ANZKOLL) 

none n= 334 

>1 n= 4,757 

unknown n= 3 

excluded 

Number of cases 1973 to 2013 

Accidents 29.359 

Vehicles 56.143 

Persons 73.486 

Casualties 39.532 

Injuries 131.501 
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frequency of injuries by body regions 

AIS 3+ only total car LGV/HGV 
motor-

cycle 
bicycle 

pedes-

trian 

head 
2,2% 

1,6% 

1,7% 

0,9% 

1,5% 

1,9% 

2,8% 

2,2% 

2,4% 

2,1% 

4,6% 

3,0% 

neck 
0,5% 

0,2% 

0,5% 

0,2% 

0,3% 

0,2% 

0,9% 

0,3% 

0,2% 

0,2% 

0,6% 

0,4% 

thorax 
2,2% 

2,0% 

2,2% 

1,9% 

2,1% 

2,8% 

3,3% 

3,7% 

0,8% 

1,2% 

3,8% 

2,2% 

upper 

extr. 
0,6% 
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0,1% 
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0,5% 

1,3% 

0,5% 

0,5% 

0,3% 

1,5% 

0,7% 

ab-

domen 
0,7% 

0,4% 

0,7% 

0,5% 

0,3% 

0,4% 

1,1% 

0,7% 

0,3% 

0,3% 

1,1% 

0,3% 

pelvis 
0,5% 

0,3% 

0,4% 

0,2% 

0,4% 

0,1% 

1,1% 

0,6% 

0,1% 

0,2% 

1,2% 

1,0% 

lower 

extr. 
2,4% 

1,5% 

1,3% 

0,6% 

1,8% 

2,1% 

6,8% 

3,7% 

1,5% 

1,4% 

6,3% 

4,1% 
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PEDESTRIAN 

History of Traffic Safety 
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pedestrian collided with car front - 70s 

MAIS 3 
Opel Ascona frontal impact with pedestrian,  

impact speed 45 kph, 

deformations frontedge, 

windscreen impact 

 

pedestrian  female, 48 years, MAIS 3 
 

haematomas, lacerations (AIS 1) 

concussion of brain (AIS 2) 

dislocated lower leg fracture left (AIS 3) 

rupture of symphysis (AIS 2) 
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87.2% 

vehicle part is cause of injury 

6.8% 

57.3% 

32.1% 

21.3% 

26.2% 

road surface 59.9% 

53.3% 

frequencies of injured body regions 

injured by body impact with 

total n = 392  

82.5% 

pedestrian - collision with car - 70-s 
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pedestrian - collision with car - 90s 

MAIS 2 VW Jetta frontal collision with pedestrian,  

impact speed 45 kph, 

impact right bumper and front hood 

 

pedstrian female, 21 years, MAIS 2 
 

laceration fronthead right (AIS 1) 

laceration right hand (AIS 1) 

laceration right knee (AIS 1) 

fracture left fibula (AIS 2) 

1991-217 



GIDAS   German In-Depth Accident Study 

- 38 - 

62.1% 

4.9% 

42.5% 

23.2% 

8.8% 

16.3% 

road surface 58.7% 

33.0% 

total n = 1074  

69.5% 

pedestrian - collision with car - 90s 

vehicle part is cause of injury 

frequencies of injured body regions 

injured by body impact with 
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pedestrian - collision with car - present 

MAIS1 Mazda frontal collision with pedestrian,  

impact speed 45 kph, 
deformations frontedge, 

windscreen impact 

 

pedestrian, male, 56 year, MAIS 1 
 

haematomas and lacerations (AIS 1) 

30120539 
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45.4% 

6.7% 

37.6% 

22.0% 

6.3% 

17.7% 

road surface 52.7% 

27.1% 

total n = 780  

67.7% 

pedestrian - collision with car - present 

vehicle part is cause of injury 

frequencies of injured body regions 

injured by body impact with 
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Testvorschlag für die Windschutzscheibe 

accident reality 

• reduction especially of head injuries 

• less injuries by front edge 

• less injuries by bumper 

no changes noticeable 

• injuries by windscreen 

• injuries by road surface 

The current situation in real accidents  
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BICYCLISTS 

History of Traffic Safety 
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84.3% 

5.2% 

64.4% 

34.9% 

15.2% 

15.2% 

road surface 60.4% 

38.2% 

total  n = 217  

77.8% 

bicycle collision with car - 70s 

vehicle part is cause of injury 

frequencies of injured body regions 

injured by body impact with 
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51.2% 

6.9% 

44.5% 

24.5% 

5.8% 

11.8% 

road surface 70.8% 

16.0% 

total  n = 1614  

68.3% 

bicycle collision with car - 90s 

vehicle part is cause of injury 

frequencies of injured body regions 

injured by body impact with 
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• especially effective 

for persons > 40 yeard  

  

elderly persons 
   

good protections against head 

injuries by bicycle helmets  

bicycle helmet increases safety 

   h
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Effectiveness of bicycle helmets  
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Conclusion 

• traffic safety can be measured with data 

from In-Depth-Accident-Studies! 

• Take into account of data on injuries 

• notice of data on injury causing parts, 

infrastructure, vehicles, speed, ….. 

• notice of data on accident causation 

and driver behaviors  

• avoidance stategies of accidents 
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Response in short time to currently auftretenden requests

< 25% Overlap    2,6 %   of MAIS 3+ 

(< 4,9 % of all frontal collisions)  
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Questionairing 
Finding Accident 

Causation  

in  

In-Depth-Investigations 

on Scene 

 

100 questions 

Otte et al    ESV 2009, 2013  

• ACAS 
• Accident 

Causation 

Analysis 

• System 



Vehicle 1 (Hyundai) 
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(4) Evaluation 
 
 

 
(5) Planning 
 
 
 

 

(3) Recognition 
 
 

 

(2) Observation 
 
 
 

 

(1) Information access 
 
 
 

 

Categories of Group 1 Criteria of category  Indicators of criteria  

3 1 3 3 4 Driver forgot to re-check for oncoming traffic saw the gap between -vehicles 

(6) Selection 
 
 

 
(7) Operation 
 
 
 

 

(1) Activation too low 
 
 

 
(2) Wrong identification 
 
 
 

 

(3) Wrong focus of attention 
 
 
 

 

(3) Missing reorientation 
 
 

 

(2) Focus on Traffic lights / -signs 
 
 
 

 

(1) Focus on wrong road user 
 
 

 

Toyota  

Hyundai 

Otte et al    ESV 2013  

• ACAS 
• Accident 

Causation 

Analysis 

• System 



Virtual Simulation of real accidents 

Digitalisation of real accident scenes 



Need for In-Depth Data 

EU safety target:  
Reduce deaths by 50%  

between 2011 and 2022   

European Commission 
Road Safety Action Programme 

CARE Database 
• large accident numbers 
• can indicate problem areas 
• No detailed circumstances 

 Need for In-Depth data 

 
Detailed information on all aspects of 
the accident 
• STAIRS 
• PENDANT 
• RISER 
• MAIDS 
• CREST 
• CHILD 
• CASPER 
• SafetyNet 
• DaCoTa   
•   

 

Macroscopic Data Microscopic Data 

deaths 

50 % 





DaCoTA - Results of Pan-European In-Depth Accident 

Investigation  

 Partner from 19 European countries  collaborated on 
a Europe-wide In-Depth pilot study 

 DaCoTA has identified 9 existed  + 7 new teams to 
collect accidents with the new European 
investigation  system 

 The methods developed in this project have been 
proven functioning by the feedback from participating 
teams  

 99 cases were investigated 
 77 cases were entered into a database 

• Majority of cases (46) were investigated on-scene 

Information on  
 Accident 80 
 Vehicles   600 

 Road 110 
 Road user 230 
 Case analysis  140 





The PIN program of ETSC 

„Ranking road safety performance“  

Another Data Source 



Handicaps for In-Depth Accident Studies in Europe 

• access to site of accident for on-scene-studies 
 no or limited access of accident site by police  

 

• data protection 
 different guidelines in different countries of EU 
 notified delicts must be registered to police  
 information can be confiscated  

 

• no access to official data (police report)  
 

• alerting in time not guaranteed  
 

• access to medical data difficulty 
 

• financing of research activities is limitd the use of data  
by third parties 



Data protection is important  ! 

• but 
 should be considered and opened for scientific 
research 

  

 personal data are required for 

  identification of involved  traffic participants 

  technical data of specified vehicle 

  details of collision 

  details of injuries 

  possibility to send questionaires to involved persons  



Event Data Recorder 
 

1973 German Traffic Court Conf. 

1994 GM equipped veh. with 

„sensing-diagnostic modules EDR 

1997 FORD followed 

2004 EU-VERONICA Projects started 

 

2013 ? 



Choice of correct deceleration with use of   EDR 

Result of reconstruction: 

vk Opel 44 kph 

vk NEF 14 kph 

Avarage deceleration evaluation 

emergency brake  

Measured on EDR   4,6 m/s² 



Event Data Recorder 
 

1973 German Traffic Court Conf. 

1994 GM equipped veh. with 

„sensing-diagnostic modules EDR 

1997 FORD followed 

2004 EU-VERONICA Projects started 

 

2015 ? 

Analysis of PreCrash-Phase 
 

 

Kind and process of driver assistant 

system 

 

Driving direction of vehicle 

 

Handling actions of driver   

 

Storage time duration proposed  

ca. 35 Sek. before and ca. 5 Sek. after Crash 

  

  Event Data Recorder   EDR 
should be  

Installed European-wide 

 in all Vehicles 

for the Benefit of  

Scientific Accident Research 



International Network  

On Data Sampling 

One step forward 



IGLAD   -    the Idea of a Common Network of In-Depth-Analysis 

   Global Harmonisation of Accident Data  





Accident Data have to be documented 
in the future ! 

• Official Statistics 

• Hospital Documentations (Trauma-register) 

• Accident Research Units 

 
• Consideration of Injury Severity 

• Include Injury Consequences 

• Consideration of Accident Causation 



Local safety groups  

ESN vs. EuroRAP  

       The Road  

as Influence Factor 

for Traffic Accidents 



Proposal for effective data use 

 • Expansion of data structure and harmonisation of 
national data for all EU countries 

• More opening of data protecion for scientific use 
on getting information on injuries, vehicle 
identification data and person questionaires 

• Access to existing data bases of road administraion 
data 

• Implementation of EDR in all vehicles for the use in 
forensic and scientific accident research 
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