
BRIEF ARTICLE

Injury patterns of seniors in traffic accidents: A technical 
and medical analysis

Stephan Brand, Dietmar Otte, Christian Walter Mueller, Maximilian Petri, Philipp Haas, Timo Stuebig, 
Christian Krettek, Carl Haasper

Stephan Brand, Dietmar Otte, Christian Walter Mueller, 
Maximilian Petri, Philipp Haas, Timo Stuebig, Timo Stue-
big, Christian Krettek, Carl Haasper, Accident Research Unit, 
Trauma Department, Medical School Hannover (MHH), D-30625 
Hannover, Germany
Author contributions: Brand S, Otte D and Haasper C per-
formed the majority of the research presented; Petri M, Haas P, 
Mueller CW and Stuebig T were involved in editing the manu-
script to the standards required; Otte D and Krettek C coordinated 
the support and equipment for this work; Brand S and Haasper C 
designed the study; Brand S wrote the manuscript.
Supported by Federal Highway Research Institute (BASt) and 
the German Research Association of the Automotive Technology, 
a department of the VDA (German Association of the Automotive 
Industry)
Correspondence to: Dr. Stephan Brand, MD, Accident Re-
search Unit, Trauma Department, Medical School Hannover 
(MHH), Carl-Neuberg-Strasse 1/OE 6230, D-30625 Hannover, 
Germany. brand.stephan@mh-hannover.de
Telephone: +49-511-5322026  Fax: +49-511-5325877 
Received: June 25, 2012           Revised: September 4, 2012
Accepted: September 15, 2012
Published online: September 18, 2012

Abstract
AIM: To investigate the actual injury situation of se-
niors in traffic accidents and to evaluate the different 
injury patterns. 

METHODS: Injury data, environmental circumstances 
and crash circumstances of accidents were collected 
shortly after the accident event at the scene. With 
these data, a technical and medical analysis was per-
formed, including Injury Severity Score, Abbreviated 
Injury Scale and Maximum Abbreviated Injury Scale. 
The method of data collection is named the German In-
Depth Accident Study and can be seen as representa-
tive.

RESULTS: A total of 4430 injured seniors in traffic ac-
cidents were evaluated. The incidence of sustaining 
severe injuries to extremities, head and maxillofacial 
region was significantly higher in the group of elderly 
people compared to a younger age (P  < 0.05). The 
number of accident-related injuries was higher in the 
group of seniors compared to other groups. 

CONCLUSION: Seniors are more likely to be involved 
in traffic injuries and to sustain serious to severe inju-
ries compared to other groups.
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INTRODUCTION
Due to the rising mean age of  the German population, 
traffic accidents involving older people are observed 
more and more often. Furthermore, previous investiga-
tions have shown that geriatric trauma patients are more 
often associated with a higher level of  mortality, morbid-
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ity and frequency of  more severe injuries[1-4]. There is not 
only an increase in age, but also in motorization in our 
society. A growing number of  elderly people are taking 
part daily in traffic scenes, so the number and the severity 
of  accidents involving older pedestrians[1,5,6], bicyclists or 
older people using motorized vehicles is increasing[2,6-9]. 
Furthermore, older people are less resistant to trauma 
due to co morbidities, e.g., osteoporosis[4]. Additionally, 
with the increasing mean age comes a decline in capabili-
ties which impairs cognitive, sensory and psychomotor 
skills that are needed to avoid traffic accidents[4,7,10,11]. 
Also, older people are responsible for increasing costs in 
public health care programs due to prolonged post trau-
matic hospital stays[12].

In our retrospective study based on the accident data 
from the German In-Depth Accident Study (GIDAS), 
we hypothesized that older people are involved in traffic 
accidents by a higher rate[13], sustain more severe inju-
ries by lower velocity trauma than younger patients[14], 
sustain more severe injuries, especially to the head and 
extremities[15], and even cause more accidents than other 
groups[7]. GIDAS is the largest in-depth accident study 
in Germany. The data collected in the GIDAS project is 
extensive. We used technical in-depth crash investigations 
in combination with medical data analysis to evaluate the 
injury situation of  the elderly in traffic accidents.

MATERIALS AND METHODS
Technical in-depth crash investigations in combination 
with medical data analysis were performed by specially 
trained documentation personnel from our local in-depth 
accident research unit as a part of  the trauma department 
of  the Medical School, Hannover. This documentation 
crew is notified by police dispatchers immediately after an 
accident and arrives on the scene, often simultaneously 
with the rescue personnel. Investigation of  the crash 
and clinical injury documentation is then performed on 
site. This case report is then completed at the hospital, 
where all of  the injured victims are taken, with proper 
documentation of  X-ray examination, injury type and 
severity. The monitoring includes demographic data, the 
area of  collision, environmental circumstances and injury 
patterns. Furthermore, it includes specific outcome and 
severity scores, such as Abbreviated Injury Scale (AIS), 
Injury Severity Score (ISS) and Maximum Abbreviated 
Injury Scale (MAIS)[16], incidence of  serious or severe 
multiple injuries (polytrauma, AIS 3+ in two different 
body regions of  the patient admitted to the hospital), in-
cidence of  serious (MAIS, 2-4) or severe injuries (MAIS, 
5-6), and mortality. 

ISS is a well-known medical score to assess trauma 
severity. AIS is a severity scoring system that classifies in-
juries in each body region. Classification ranges from mi-
nor to maximum (1-6), indicating the relative severity of  
each body region. MAIS indicates the maximum AI-Scale 
of  a trauma victim. Different technical measurement 

techniques are performed to document the exact crash 
constellation at the scene. Reconstructions of  the crash 
and vehicle site, as well as vehicle movements and human 
behaviors, are then performed for later technical analysis 
options. Slide and skid marks of  objects and victims and 
any kind of  deformation of  involved vehicles or objects 
are also measured and these data are included in the crash 
analysis. The amount of  injuries is directly related to the 
travelling speed at the time of  the accident. Collisions be-
tween pedestrians or bicyclists with cars are measured by 
the collision speed of  the car. 

For this retrospective study, cases from 1999-2011 
from the local traffic research unit were analyzed for the 
involvement of  injured seniors and followed by demo-
graphic data, injury scores, incidence of  death, collision 
speed and collision type. For this study, prevalence from 
the preselected patient population was investigated.

Statistical analysis
For statistical analysis of  the correlation between crash 
circumstances with injury severity (AIS/MAIS/ISS), a 
student’s t-test or linear-trend test as well as descriptive 
statistics were performed using SPSS for Windows; P ≤ 
0.05 was determined as the level of  significance. Seniors 
are defined as aged 65 years or older in our study design. 
The control group to which the results of  the senior 
group were compared was defined as younger than 65 
years of  age.

RESULTS
From 1999 to 2011, we collected 4430 people aged 65 
years or older involved in traffic accidents from a total of  
46  490 traffic accident victims. 

Demographic data
A total of  2454 were male seniors (55.4%). There were 
1928 car drivers, 896 car riders and 46 truck drivers. 828 
drove two-wheel motorized vehicles or bicycles and 638 
seniors were involved in traffic accidents as pedestri-
ans. A total of  2482 seniors were found guilty of  being 
responsible for the accident (56.4%). In the group of  
people younger than 65 years of  age, 50.7% were found 
guilty of  being responsible for the accident.

Medical analysis
The maximum abbreviated injury scale[16] in our group 
was 6 with 28 seniors, 34 with a MAIS 5, 51 with a MAIS 
4, and 4133 with a MAIS 3 or lower (93.2%). Some 119 
seniors sustained injuries to the head with at least MAIS 
3 or higher (2.7%). Overall, 12 seniors sustained lethal 
injuries to the head with an AIS 6, 23 seniors an AIS 5, 
and 4245 an AIS 4 or lower (95.8%). Injuries to the neck 
and maxillofacial region occurred in 531 victims in our 
group (12%), AIS 3 or lower in 390, and AIS 4 or higher 
in 141 cases. With an AIS 4 or higher, 57 seniors in our 
group sustained severe injuries to the chest, 934 sustained 

Brand S et al . Injured seniors in traffic accidents

152 September 18, 2012|Volume 3|Issue 9|WJO|www.wjgnet.com



injuries with an AIS 3 or lower (21%). Moderate to mild 
abdominal trauma was observed in 138 victims of  our 
group. Severe trauma with a MAIS higher than 3 to the 
abdominal region was seen in 25 elderly trauma patients. 

Pelvic trauma with higher MAIS scores was a rare but 
observed injury, with 25 patients with an AIS higher than 
3. Besides injuries to the head and maxillofacial region, 
injuries to upper and lower extremities were often ob-
served. Severe injuries to lower extremities with a MAIS 3 
or higher were sustained by 131 of  the elderly, with com-
parable injuries to the upper extremities by 30 accident 
victims. Compared to other groups involved in daily traf-
fic scenes, the prevalence and severity of  injuries to head, 
maxillofacial region and upper or lower extremities were 
significantly more frequent (P = 0.002, students-t-test for 
independent variables). Secondly, the overall percentage 
of  accident-related injuries was higher in the group of  
older people (60% vs 52% younger than 65 years of  age). 
There were no gender-related differences observed in 
accident-related injury patterns in the elderly. 

Technical crash analysis
Technical in-depth crash investigation was performed in 
all observed traffic accidents. At a travelling speed of  2-40 
km/h, 8.8% of  all car passengers sustained moderate to 
severe injuries (MAIS 2+). With an increase of  the travel-
ling speed above 40 km/h, the number of  injured pas-
sengers sustaining moderate to severe injuries increased 
to 41.2%. Only 8.1% of  all passengers were not injured 
at this collision speed. There were no substantial differ-
ences within the groups of  younger or older people. 

Different from car passengers, motor bicyclists were 
injured more severely and more frequently throughout 
the whole speed range. With closing speeds of  up to 
20 km/h, 27.3% of  all older motor bicyclists sustained 
severe injuries (19.5% in the group of  younger motor 
bicyclists). With an increase in travelling speed, the pro-
portion of  severely injured motor bicyclists increased 
to 55.6% in the group of  older people (27.3% in the 
younger riders). Comparable trends were observed with 
bicyclists colliding with cars. 

At a collision speed of  21-40 km/h, 46.9% of  older 
bicyclists sustained serious to severe injuries, whereas in 
the group of  younger people, only 30.9% of  bicyclists 
were seriously injured. Within the group of  pedestrians, 
79.8% of  older people sustained severe to serious injuries 
when colliding with a car travelling at a speed of  21-40 
km/h (43.4% younger people). Additionally, 14.3% of  
injured older pedestrians suffered severe to fatal injuries. 
Overall analyses of  the accident situation showed that se-
niors are more likely to sustain severe injuries, especially 
as so-called external or vulnerable road users. The rea-
sons for this can be direct transfer of  impact energy and, 
with this, a disproportionally frequent inclusion of  head 
and thoracic areas due to the impact kinematics.

DISCUSSION
The mean age of  the German population is still increas-
ing and so does the number of  people aged 65 years or 
older taking part in daily traffic and maintaining their 
continuous level of  motorization as a part of  their inde-
pendence. So, the number of  seniors involved in traffic 
accidents has grown over the last years (Federal Statistical 
Office Germany, Report 2010).

The objective of  our retrospective study was to ana-
lyze the actual traffic injury situation of  older people, 
including MAIS and AIS/ISS, and special injury patterns 
compared to younger people. The main findings in our 
analysis were: firstly, a higher prevalence and severity of  
injuries to head, maxillofacial region and extremities in 
older people; secondly, older people are overall more like-
ly to sustain injuries in road traffic accidents; and thirdly, 
there is a higher percentage of  the elderly population re-
sponsible for road traffic accidents. 

Accidents involving older pedestrians, car drivers or 
riders account for more than two-third of  all involved 
seniors. Injury analysis in our study shows similar results 
compared to earlier investigations, as seniors seem to 
be more likely to be involved in road traffic accidents 
and sustain more severe injuries with minor trauma[1-3,8]. 
Allard described the specific needs of  accident preven-
tion of  the elderly living in an inner city. McCoy showed 
similar results with an increase in morbidity and mortality 
in the elderly compared to younger traffic participants. 
However, a quantitative comparison to previous reports 
was not part of  this study. Our results can be seen as a 
consequence of  the physiological changes with increased 
age, such as decrease in balance, vision, hearing and reac-
tion time. For further improvement and a reduction of  
severe accidents caused by seniors in traffic accidents, it 
is important to realize the special environment of  older 
people[7]. Caused by physiological changes as described 
earlier, the reaction time and the time needed for analyz-
ing recognized situations is often extended. In addition, 
seniors seemed to be overwhelmed by the amount of  
information given nowadays in regular traffic situations[5]. 
The accident causations could not be analyzed within this 
study and future studies should give special focus to this.

There are already several injury scores and injury 
observations focusing on older people, particularly con-
sidering the different and special circumstances in which 
older people take part in daily traffic scenes[3,17,18]. Here, 
we used the AIS scale. This scale is limited to the mo-
ment of  the accident event and does not include age-
related long term effects. Special focus should be given in 
future studies on better injury scaling related to age.

Prevention as a method of  choice[17] with educa-
tional programs is a necessary tool in combination with 
an overall improvement in street safety to decrease the 
number of  seniors in road traffic accidents[19]. Here, only 
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detailed in-depth studies can show special age-related 
results, i.e. crossing points for the elderly, special accident 
types and influences on the accident kinematics. Within 
the presented study, only an overview of  the age related 
casualties should be given. In future studies, physicians 
should be integrated to ensure the coordination between 
physiological changes on one hand[20,21], and changes in 
environmental circumstances and the special needs of  se-
niors[19,22]. Engineers should work out how safety features 
like warning signals, speed limiters, road stabilizers and 
infrastructure can be linked together to avoid accidents 
in the elderly. Medical doctors should work on precision 
of  injury pattern and long term related injury outcomes. 
Only in an interdisciplinary coordinated study can the 
most efficient reduction of  injury severity be approached. 

In conclusion, seniors are more likely to be involved 
in traffic injuries and to sustain serious to severe injuries 
compared to other groups. To improve the safety of  all 
road users, special focus should be given to improved car 
and street designs for more safety and visibility. In ad-
dition, educational programs should improve the active 
safety of  older people in traffic. 
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