INJURIES AMONG
THE ELDERLY
Study of fatal and non-fatal injury events

Departments of Surgery and Forensic Medicine

Cover
Water colour by author illustrating our complex environment with intersections, road signs,
traffic lights, pedestrian zebra crossings, stairs, environmental hazards, and the consequences
with falls, bicycle crashes, femur fractures, and rib fractures. We are expected to adapt to this
complex environment even in the autumn o f our lives. Only in the ideal world when there is a
balance between demands and the human ability to cope, can the key fit the key hole !

UMEÅ UNIVERSITY MEDICAL DISSERTATIONS
New Series No 410 - ISSN 0346-6612
ISBN 91-7174-929-2

Departments of Surgery & Forensic Medicine
Umeå University, Umeå, Sweden

INJURIES AMONG THE ELDERLY
Study of fatal and non-fatal injury events

Akademisk avhandling
som med vederbörligt tillstånd av Rektorsämbetet vid Umeå Universitet för
avläggande av doktorsexamen i medicinsk vetenskap kommer att offentligen
försvaras på engelska språket i
Tandläkarhögskolans föreläsningssal B, 9tr, Norrlands Universitetssjukhus
fredagen den 30 september 1994, kl 09.00
av
Harmeet Sjögren

Fakultetsopponent:
Pat Waller
UMTRI, Ann Arbour, USA

Handledare:
U lf Björnstig
Anders Eriksson
Umeå 1994

ABSTRACT
INJURIES AMONG THE ELDERLY - Study of fatal and non-fatal injury events
Harmeet Sjögren, Departments of Surgery & Forensic Medicine, Umeå University, S-901 87 Umeå,
Sweden
In view of the expected increase in the proportion of elderly in the population in most western countries, we studied
injuries among the elderly (>60 years) by investigating hospital-treated injuries in inpatients and outpatients, and fatal
injuries.
One-year Hospital Injury Data - Even though the elderly made up only 15% of the injured in one year, they accounted
for 42% of the total cost of trauma medical care, showing that injuries among the elderly place a disproportional burden
on the health care system. The mean medical care cost increased significantly from the age of 60 years. Serious injuries
(MAIS>3) in the elderly cost almost 2.5 times more than those in the younger group (<60 years).
Study of 1,313 injury events in 1,268 elderly showed annual injury, fracture, and mortality rates per 1,000 elderly
population of 57, 31, and 0.6, respectively. Almost half were injured in the home environment, and 23% in the traffic
environment. Most of the severe and critical injuries (MAIS>4) occurred in the traffic environment. Injury rate, severity
of injuries, fractures, and the duration of hospitalization increased with age. Almost half of the injuries were fractures;
most common were wrist and hip fractures. Women had a higher injury rate, more severe injuries, and longer duration
in hospitalization than men had.
Study of 621 injury events in 600 elderly injured in the home environment, showed annual injury and fracture rates
of 30 and 15 per 1,000 elderly home population, respectively. Injuries were grouped into fall injuries (76%) and non-fall
injuries (24%). The fall injury incidence was higher in women than in men. Most falls occurred indoors. Environmental
factors played a role in half of the fall injuries, and intrinsic factors in at least one fifth. Intrinsic factors in falls became
increasingly important with advancing age. Non-fall injuries were mostly sustained in woodworking. Fall injuries were
of a greater severity and accounted for 80% of the cost of medical care of elderly in the home environment.
Study of 298 injury events in 297 elderly injured in the traffic environment, showed that pedestrian falls accounted
for 52% of the injuries, and vehicle-related events for 44%. The main groups in the vehicle-related injury category were
bicyclists (48%), car occupants (34%), and pedestrians (4%). Two thirds of the pedestrian falls involved slipping on
ice/snow. Ice/snow-related injuries (all categories) accounted for 37% of the total cost of all injuries in the elderly in the
traffic environment. Vehicle-related crashes resulted in the most severe and critical injuries and the most fatalities, and
cost (total and mean) more than pedestrian falls.
Fatal Injury Data from Northern Sweden - Study of 379 elderly injured in the traffic environment in a ten-year period,
showed that the car occupants (43%) made up the largest category followed by pedestrians (28%), bicyclists (15%), and
two-wheel-motor-vehicle riders (8%), but the risk of fatal injury per unit distance travelled was highest for pedestrians
and bicyclists. Males had double the death rate as females. Most car occupants were killed in multivehicle crashes, mostly
in the daylight, and at intersections. Ice/snow was the major (31%) precrash factor. One quarter of pedestrians were
injured at pedestrian crossings, and half of them during darkness. One in six pedestrians was under the influence of
alcohol. All pedestrians and bicyclists were injured in collisions with motor vehicles and most were injured at
intersections. Pedestrians and bicyclists had more serious head injuries than chest injuries.
Study of 514 car drivers (>18 years) injured in a 13-year-period, showed that fatalities per unit distance, and per
licensed driver were highest for the >70-year-old and 18-19-year-old drivers. Elderly (>60 year old) and <25 year old
drivers had similar fatality frequencies. The older drivers (>60 years) initiated the crash more often than younger (<60
years) ones. Fatal head injuries decreased whilst chest injuries increased with age. The older drivers were more likely
to die from post-trauma complications than younger ones.
In a study of role of disease in 480 fatally injured drivers (>18 years) who died within three days of the crash, a
grading system was developed to assess the probability of contribution of medical intrinsic factors (MIF) to the crash.
Almost one quarter of the drivers were found to have MIF. Drivers with MIF were more often at fault than those without.
Medical intrinsic factors were probably an underlying cause in 1 of 17 fatal crashes in all ages, and 1 of 5 fatal crashes
in the elderly; in 4% of the elderly the probability was strong.
A "passive automatic" approach which does not require any action on the part of the elderly, is to be recommended
when improving safety in the home and in the traffic environments. The elderly drivers can be regarded as the "miner's
canary" to indicate which passive safety improvements are needed in the traffic environment. In view of the expected
population trends, it is important that authorities and public health workers accept the challenge to continue and intensify
the injury preventive work for the elderly.
Key words: elderly, injury, prevention, traffic, home, fall, crash, disease, bicyclist, pedestrian, cost, vehicle
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Now with the wisdom o f years, I try to
reason things out
A n d the only people I fear are those who
never have doubts
Save us all from arrogant men, and
all the causes they're fo r
I won't be righteous again
I'm not that sure anymore
Shades o f grey wherever I go
The more I fin d out the less that I know
A in 't no rainbows shining on m e
Shades o f grey are the colours I see

Billy Joel 1992
Shades of Grey
River of Dreams
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ABSTRACT
INJURIES AMONG THE ELDERLY - Study of fatal and non-fatal injury events
Harmeet Sjögren, Departments of Surgery & Forensic Medicine, Umeå University, S-901 87 Umeå,
Sweden
In view of the expected increase in the proportion of elderly in the population in most western countries, we studied
injuries among the elderly (>60 years) by investigating hospital-treated injuries in inpatients and outpatients, and fatal
injuries.
One-year Hospital Injury Data - Even though the elderly made up only 15% of the injured in one year, they accounted
for 42% of the total cost of trauma medical care, showing that injuries among the elderly place a disproportional burden
on the health care system. The mean medical care cost increased significantly from the age of 60 years. Serious injuries
(MAIS>3) in the elderly cost almost 2.5 times more than those in the younger group (<60 years).
Study of 1,313 injury events in 1,268 elderly showed annual injury, fracture, and mortality rates per 1,000 elderly
population of 57, 31, and 0.6, respectively. Almost half were injured in the home environment, and 23% in the traffic
environment. Most of the severe and critical injuries (MAIS>4) occurred in the traffic environment. Injury rate, severity
of injuries, fractures, and the duration of hospitalization increased with age. Almost half of the injuries were fractures;
most common were wrist and hip fractures. Women had a higher injury rate, more severe injuries, and longer duration
in hospitalization than men had.
Study of 621 injury events in 600 elderly injured in the home environment, showed annual injury and fracture rates
of 30 and 15 per 1,000 elderly home population, respectively. Injuries were grouped into fall injuries (76%) and non-fall
injuries (24%). The fall injury incidence was higher in women than in men. Most falls occurred indoors. Environmental
factors played a role in half of the fall injuries, and intrinsic factors in at least one fifth. Intrinsic factors in falls became
increasingly important with advancing age. Non-fall injuries were mostly sustained in woodworking. Fall injuries were
of a greater severity and accounted for 80% of the cost of medical care of elderly in the home environment.
Study of 298 injury events in 297 elderly injured in the traffic environment, showed that pedestrian falls accounted
for 52% of the injuries, and vehicle-related events for 44%. The main groups in the vehicle-related injury category were
bicyclists (48%), car occupants (34%), and pedestrians (4%). Two thirds of the pedestrian falls involved slipping on
ice/snow. Ice/snow-related injuries (all categories) accounted for 37% of the total cost of all injuries in the elderly in the
traffic environment. Vehicle-related crashes resulted in the most severe and critical injuries and the most fatalities, and
cost (total and mean) more than pedestrian falls.
Fatal Injury Data from Northern Sweden - Study of 379 elderly injured in the traffic environment in a ten-year period,
showed that the car occupants (43%) made up the largest category followed by pedestrians (28%), bicyclists (15%), and
two-wheel-motor-vehicle riders (8%), but the risk of fatal injury per unit distance travelled was highest for pedestrians
and bicyclists. Males had double the death rate as females. Most car occupants were killed in multivehicle crashes, mostly
in the daylight, and at intersections. Ice/snow was the major (31%) precrash factor. One quarter of pedestrians were
injured at pedestrian crossings, and half of them during darkness. One in six pedestrians was under the influence of
alcohol. All pedestrians and bicyclists were injured in collisions with motor vehicles and most were injured at
intersections. Pedestrians and bicyclists had more serious head injuries than chest injuries.
Study of 514 car drivers (>18 years) injured in a 13-year-period, showed that fatalities per unit distance, and per
licensed driver were highest for the >70-year-old and 18-19-year-old drivers. Elderly (>60 year old) and <25 year old
drivers had similar fatality frequencies. The older drivers (>60 years) initiated the crash more often than younger (<60
years) ones. Fatal head injuries decreased whilst chest injuries increased with age. The older drivers were more likely
to die from post-trauma complications than younger ones.
In a study of role of disease in 480 fatally injured drivers (>18 years) who died within three days of the crash, a
grading system was developed to assess the probability of contribution of medical intrinsic factors (MIF) to the crash.
Almost one quarter of the drivers were found to have MIF. Drivers with MIF were more often at fault than those without.
Medical intrinsic factors were probably an underlying cause in 1 of 17 fatal crashes in all ages, and 1 of 5 fatal crashes
in the elderly; in 4% of the elderly the probability was strong.
A "passive automatic" approach which does not require any action on the part of the elderly, is to be recommended
when improving safety in the home and in the traffic environments. The elderly drivers can be regarded as the "miner's
canary" to indicate which passive safety improvements are needed in the traffic environment. In view of the expected
population trends, it is important that authorities and public health workers accept the challenge to continue and intensify
the injury preventive work for the elderly.
Key words: elderly, injury, prevention, traffic, home, fall, crash, disease, bicyclist, pedestrian, cost, vehicle
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DEFINITIONS & ACRONYMS
Accident
An unpremeditated event resulting in recognizable damage. The term "accident" is avoided in this thesis since it is
regarded as an unscientific term, instead the term "injury event" is used.
AIS
Abbreviated Injury Scale is a consensus derived, anatomically based system that classifies individual injuries by body
region on a 6-point ordinal scale ranging from AIS 1 (minor) to AIS 6 (currently untreatable).
BAC
Blood alcohol concentration; alcohol denotes ethanol.
Elderly
Persons aged 60 years and over were regarded as elderly in this thesis.
Hip fracture
Both trochanteric and collum fractures are referred to as hip fractures.
Home environment
Residential building and its immediate surrounding; injuries occurring beyond the garden boundaries and those in
institutional settings were taken not to occur in the home environment.
Hospital-treated injuries
Treatment of inpatients and outpatients at a hospital; these include both fatal and non-fatal injuries.
Injury
Unintentional or intentional damage to the body, resulting from acute exposure to thermal, mechanical, electrical, or
chemical energy. The terms "injury" and "trauma" are used interchangeably.
Injury rate
The number of injuries expected to occur in a defined number of people within a defined time period
Injury risk
Injuries per unit distance travelled.
Intervention
A specific prevention measure or activity designed to reduce injuries.
ISS
Injury Severity Score is the sum of the squares of the highest AIS code in each of the three most severely injured body
regions: head or neck, face, chest, abdominal or pelvic contents, extremities or pelvic girdle, and external (lacerations,
contusions, abrasions, and burns, independent of their location on the body surface). ISS scores range from 1 to 75.
MAIS
Maximum AIS, which is the highest single AIS code in a person with multiple injuries, describes overall severity.
MIF
Medical intrinsic factors, for example, myocardial infarction, atherosclerosis, epilepsy (for details see page 50).
Passive protection
Measures which protect the individual automatically, without any action on the individual's part.
Traffic environment
All public and private roads including bikeways and parking lots.
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INTRODUCTION
I. INJURIES
Injury and Disease
Injury and disease were considered by primitive peoples to be the visitation of outraged spirits
or the effect of human misbehaviour directed through some evil eye. Hippocrates provided
alternatives through his systematic account of the effect of environment on health (Hogue 1980).
Injuries have always been a serious public health problem, but in the 19th century, injuries
were overshadowed by infectious diseases such as tuberculosis, influenza/pneumonia and
gastroenteritis in the western world. In the 20th century, improvement in the sanitary conditions
and other public health measures aimed at controlling infectious diseases left injuries as the
foremost cause of death and ill health in the western world (Baker et al 1992).
For much of this century, injuries were regarded as "accidental happenings" without any
rational or observable explanation. The unscientific term "accident" is still used by the layman
and has the connotation of bad luck, carelessness, fate, and other moralistic terms which tend to
exclude scientific approaches to this problem (Langley 1988). Definition of accidents refer to
random or chance events, yet existing data indicate that accidents, like diseases, are nonrandom
events (Langley 1988).
There are no basic scientific distinctions between injury and disease (Haddon & Baker
1981). In some cases the etiologic agents are identical, for example, mechanical forces produce
"injury" to the spine when applied in large doses; in smaller doses over long periods they produce
lumbar disc "disease" (Hrubec & Nashold 1975). The rational approach used to control infectious
and other diseases where the etiologies are more widely understood can also be applied to
injuries (Haddon & Baker 1981).
The Magnitude of the Injury Problem
In Sweden, it is estimated that every day at least ten people are fatally injured, six people are
injured so seriously in traffic that they are permanently disabled, and 600 people are admitted to
hospital due to injuries (Spri report 1988). About 4% of all deaths in Sweden are due to injuries
(Official Statistics of Sweden 1990).
Today injury is the single greatest killer between the ages of one and 44 years. Above the
age of 45, injuries account for fewer deaths than other health problems, such as cardiovascular
disease, cancer and stroke. Despite this decrease in the proportion of deaths due to injury, the
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injury death rate (number of fatal injuries per unit population) is in fact higher among the elderly
than among younger people (Baker et al 1992). In Sweden, more than half (57%) of the people
who die due to injuries, and 51% of all inpatients treated for injuries, are aged >65 years (Åberg
1994).
II. POPULATION TRENDS
In the western world the proportion of older persons is increasing in the population. Older
persons are more healthy and vigorous and live longer today. In Sweden, the average life
expectancy for men is 74 years, and for women 80 years (Statistical Yearbook of Sweden 1992).
Demographers refer to these changes in the age structure of the population as the "squaring of
the pyramid" (Committee for TRB special report 1988). The population was once pyramidal:
there were many young people at the base and few very old people at the pinnacle. The "Baby
Boom and then Bust" cycle and the increase in average life expectancy changed the shape of this
structure. It is fast becoming a square with an almost equivalent number of people in each age
group.
Today in Sweden, 23% of the population is aged 60 years and over (Statistical Yearbook
of Sweden, 1992). This share is expected to increase to 26% by the year 2025, when 2.5 million
people shall be aged 60 years and over. It is the "very old" people over the age of 80 years that
are expected to relatively increase the most: this group is expected to triple in size between 1985
and 2025 (Statistical Yearbook of Sweden 1992).
Fresh figures (July 1994) from the Swedish Road Safety Office show that there is a higher
proportion of elderly driving license holders than younger ones: 15% are aged 65 years and over
and 10% are aged 18-24 years (personal communication). The elderly driving license holders
over 65 years of age are expected to increase by about 30,000 per year in Sweden (Schelin 1991).
The proportion of elderly drivers with access to a car is also expected to increase and reach
equivalent proportions to younger drivers by the turn of the century (see Figure 1) (Vilhelmson
1989).
With the growing elderly population, there is growing concern about the safety of
transportation for this sector. Although automobiles and highways have improved dramatically
during this century, many of the design assumptions used today are based on the performance
characteristics of a younger population (Committee for TAB special report 1988, PF Waller
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1991). As pointed out by Yanik (1986), the problem of the elderly in the traffic environment has
received little attention, in contrast to other age groups (e.g. Haddon et al 1961, Evans 1988,
Williams & Carsten 1989, Baker et al 1992).
An increase in number of older persons in the population is bound to have impact on
different spheres of society including the care of the elderly, health care, and transportation needs
of the elderly. Thus, measures need to be taken today to cater for the growing elderly population.
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Fig 1. Expected trend in the proportion of licensed drivers with access to a car in the household (Vilhelmson 1989)

III. INJURY PREVENTION
The Swedish Government aims to implement the WHO strategies "Health for All by the Year
2000" in different areas, one of which is injury prevention (Svanström et al 1989). Since the
elderly are over-represented in fatal and non-fatal injuries, and due to the expected increase in
the older population, this group deserves serious attention and should be given priority by public
health professions as far as injury prevention, medical care of injuries (DeMaria 1993) and
rehabilitation (Cifu 1993) are concerned.
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History of Injury Prevention
The first of many landmarks came from Hugh De Haven, a World War I pilot who studied cases
in which individuals had plunged, in free fall without sustaining serious injuries and found that
it was not the force per se that produced injury but the environment that controlled deceleration
of the force and its distribution over the body (De Haven 1942). Support for this concept, came
a decade later, when Colonel John Stapp (1955) of the US Air Force subjected himself to
deceleration forces in sledge tests (see below). The next landmark came when Gordon (1949)
suggested that injuries behaved like classical infectious diseases and could be studied by the same
techniques. Gibson's concept that injuries can be produced only by energy interchange (Gibson
1961) was extended by Haddon (1980) which led to the development of systematic analyses of
preventive approaches presented in the form of Haddon's "phase-factor matrix" (see Table 1).

Col. John Stapp rides the rocket sled "Sonic Wind 1" on Dec 10 1954, becoming the "fastest man on earth". Stapp
reached 1,017 km per hour in five seconds, then faced deceleration of 40 times gravity in 1.4 seconds (stopping in
210 m)

Injury Control Strategies
The fundamental tasks in injury control are to prevent the agents from reaching people in
amounts or rates that exceed injury thresholds, and to minimize the consequences of injury
(Haddon & Baker 1981).
In Haddon's matrix the host, vehicle/equipment, and environment are seen as factors that
interact over time to cause injury. The preinjury phase includes everything that determines
whether an injury event will take place. The injury phase includes everything that determines
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whether an injury results from the injury event. The postinjury phase includes everything that
determines the consequences of the injury. This approach to injury control was designed around
traffic injuries but it can even be applied to non-vehicle injuries such as falls in the elderly.
Table 1. The Haddon matrix with examples

Factors
Phases

Human

Vehicle/equipment

Physical and
environment

Preinjury

Alcohol
Vision
Dizziness/balance

Braking capacity
of motor vehicles

Visibility of hazards
Ice/snow
Door threshold

Injury

Osteoporosis

Safety belts
External hip protectors
Airbags

Guard rails
Energy-absorbing floors

Postinjury

Age

Fuel system integrity

Emergency medical
response

Socioeconomic

Injuries can be controlled with a variety of strategies (Committee on Trauma Research
1985). Three general strategies which can be applied to all types of injuries in the elderly are:
* Persuade persons at risk of injury to alter their behaviour for increased self-protection, for
example, to use safety belts, to use special footwear in icy conditions, and not to drive if they are
medically impaired
* Require individuals to change behaviour by law or administrative rule, for example, by laws
requiring safety belt use, and by medical examination at a certain age
* Provide automatic protection by product and environment design, for example, by automatic
safety belts, by airbags, by an external hip protector to prevent hip fractures, and by prevention
of osteoporosis
Each of these general strategies has a role in a comprehensive injury control program. The
first strategy is usually referred to as "active intervention" while the third strategy as "passive
intervention", and the second strategy comes between these extremes (Haddon 1974). It is the
general consensus in research that the second strategy requiring change in behaviour will
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generally be more effective than the first, and that the third one providing automatic protection
will be the most effective (Committee on Trauma Research 1985).
Active countermeasures involve education and behaviour change. It is usually more
difficult, more expensive, and less effective or even impossible to modify the individual (Waller
1985). Passive countermeasures require little individual action on the part of the those being
protected. The automobile air bag is a classic example. Even though passive intervention is the
most desirable, truly passive interventions are not always possible. In many cases a mixed
strategy addressed to each of the three phases of the injury sequence is more feasible (Committee
for Injury Prevention & Control 1989). One such example is the prevention of fractures in the
elderly. The mixed strategy approach in this case includes decreasing the risk of falls (Waterston
1991), increasing the level of exercise (Aloia et al 1978), using an external hip protector
(Lauritzen et al 1993), preventing osteoporosis by hormone replacement therapy (Lindsay 1988),
and reducing post injury complications (Gustafson et al 1991).
IV. IMPORTANCE OF INVESTIGATING INJURIES IN THE ELDERLY
Elderly have a high death rate from injuries and a high rate of hospitalization for injuries at shortstay hospitals (Baker et al 1992). In view of this and the expected demographic changes, with the
proportion of elderly in the population increasing in most western countries, studies on injuries
in the elderly are important. It is also important to keep in mind that due to cohort differences,
for example, changing driving experiences and other trends in drug use, the elderly today may
not necessarily reflect the characteristics of older persons in the future (PF Waller 1991).
To reduce the frequency and severity of injuries, approaches based on science rather than
guesswork need to be applied (Haddon & Baker 1981). Thus, by collecting and analysing data
about injuries in the elderly - where, when, and how they occur, it can be possible to understand
patterns of occurrence and thereby use the information as a basis for designing preventive
measures.
In the present thesis, the magnitude and nature of the problem of injuries in the elderly is
illustrated by our findings on cost of injuries (paper I) and the study on an overview of injuries
treated at the hospital (paper II). Since we found that most injuries occurred in the home
environment (paper III) and the traffic environment (paper IV, V, VI), we carried out detailed
studies of injuries in these environments. Since fatal injury patterns usually differ from non-fatal
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ones, fatal injuries in the traffic environment (paper V, VI) were also investigated. When carrying
Out the study on fatal injuries in the traffic environment, the issue of role of disease in elderly
drivers became apparent. In view of this and since the subject of health status and traffic safety
is still controversial and needs further research (JA Waller 1991), we investigated this difficult
issue of medical impairment in fatally-injured car drivers (paper VII).
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GENERAL AIMS

The main aim of the thesis was to study some aspects of fatal and non-fatal injuries in the elderly:

- Overview of different categories of injuries

- The economic impact of trauma in the elderly on the health care system

- Causes, circumstances and consequences of injuries in the home and in the traffic environment

- Characteristics of elderly injured car drivers

- The role of medical impairment in fatal crashes
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MATERIALS AND METHODS
I. HOSPITAL DATA
The results in Papers I, II, III, and IV were based on hospital injury data (inpatients and outpatients)
collected at University Hospital of Northern Sweden in Umeå. This is the only hospital serving a
well-defined area of about 60 km around Umeå (see Figure 2). Overlap with the neighbouring health
districts served by other hospitals is negligible due to a sparse rural population. Cases, mostly minor
injuries, which are treated at local medical centres in the area are not included in our hospital data;
these are estimated to be about 10% of the trauma cases (Björnstig et al 1992).

1. Health district of University
Hospital of Northern Sweden in Umeå
Population: 115,000 inhabitants
> 60 years: 20,750 inhabitants
Area: 9,348 km2

.Skellefteå
Umeå

2. District of Institute of Forensic
Medicine in Umeå
Population: 907,200 (Jan 1985)
> 60 years: 202,050
Area: 225,438 km2

Fig 2. Map of Sweden showing the districts of the University Hospital of Northern Sweden and the State Institute of
Forensic Medicine
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The injured persons were interviewed, when possible, when they were receiving their
primary treatment at the hospital. Further data were obtained from the hospital patient medical
records and sickness benefit records. Police reports were also examined when relevant. The
calculation of the cost of medical care, which included both inpatient and outpatient treatment,
was based on the mean operational costs for different departments. Data only up to one year after
the injury event were used. Data from long-term care and rehabilitation after the acute care were
not included. For details of the method see Paper III.
Paper /: 8,872 persons (>0 years) injured in one year (April 1985 through March 1986) were
analyzed.
Paper II: 1,268 persons (>60 years) injured in 1,313 injury events during one year (April 1985
through March 1986) were analyzed.
Paper III: 600 persons (>60 years) injured in 621 injury events in the home environment during
one year (April 1985 through March 1986) were analyzed.
Paper IV: 297 persons (>60 years) injured in 298 injury events in the traffic environment during
one year (April 1985 through March 1986) were analyzed.
II. FATAL INJURY DATA
The results in Papers V, VI and VII were based on victims who were fatally injured in the traffic
environment. All victims were autopsied at the State Institute of Forensic Medicine in Umeå,
which is responsible for all medicolegal autopsies in the northern half of Sweden (Figure 2).
Autopsy reports which in most cases included toxicological analyses, police records, and
hospital records when relevant, were examined. The blood alcohol concentration (BAC) was
taken into consideration in only those victims who died on the site or were dead on arrival at the
hospital.
Based on the information in the police reports, a judgement as to who initiated the crash
was made (for details of the criteria used, see paper V).
Paper V : 379 autopsied victims (>60 years) who were fatally injured in the traffic environment
over a period of 10 years (1977-1986) were analyzed.
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Paper VI: 514 car drivers (>18 years) who were fatally injured in the traffic environment over
a period of 13 years (1977-1989) were analyzed.
Paper VII: 480 car drivers aged >18 years who were fatally injured and died within three days
of the vehicle crash in the traffic environment over a period of 13 years (1977-1989) were
analyzed.

In paper VII, based on medical intrinsic factors (MIF) from autopsy findings and the
medical history, a risk that the driver was suddenly unable to cope (sudden incapacitation) was
subjectively graded on a scale from 0 to IV by a forensic pathologist (for details refer to paper
VII). For example, recent myocardial infarction was judged to entail a high risk of sudden
incapacitation and thereby classified as a grade III incapacitation risk. Cases without MIF were
victims who may still have some minor atherosclerosis but this was considered not to constitute
a risk for sudden incapacitation (grade 0).
The probability of contribution of disease to the crash was graded using a scoring system
from 1 to 9 which took into account both the different grades of incapacitation and other causal
factors (e.g. environment, intoxication, behaviour, vehicle mechanical fault) involved (for details
see paper VII). Thus with both a low risk of incapacitation and involvement of extrinsic causal
factors, the probability of contribution of MIF to the crash was considered to be low. On the other
hand, when the risk of sudden incapacitation was high with no evidence of extrinsic causal
factors involved, the probability of contribution of MIF was considered to be high.
III. GENERAL METHODS
In both the hospital and the fatal injury studies, injury rates per unit distance were calculated
using data from a Swedish investigation on travel patterns in 1984 (Swedish Official Statistics
1987). This investigation was based on personal interviews and the distance travelled for each
crash category determined.
The severity of injuries was graded according to the Abbreviated Injury Scale (AIS); where
MAIS designated maximum injury (Committee on Injury Scaling, 1985) (see Table 2). The AIS
score and the fatal injury were related to the six major body regions according to the AIS scale.
Injury severity scores (ISS) were worked out according to Baker et al (1974).
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Table 2. The Abbreviated Injury Scale (1985) with some examples

Code Descriptor

Examples

0

No Injury

1

Minor

Superficial abrasion or laceration of skin; finger fracture; toe fracture;
one rib fracture; wrist or ankle sprain/contusion

2

Moderate

Major laceration of skin; fracture of 2-3 ribs; clavicle fracture; radius/ulna
fracture; humerus fracture; tibia fracture; finger or toe crush/amputation

3

Serious

Contusion of cerebrum; skull base fracture; fracture of >4 ribs with stable
chest; cord contusion; femur fracture

4

Severe

Cerebrum laceration; fracture of >4 ribs with hemo/pneumothorax

5

Critical

Major penetrating head injury; brain stem contusion; myocardial
perforation

6

Maximum

Massive destruction of both cranium and brain; decapitation; transection
of torso
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RESULTS
Only a summary of the most important results is presented here; for details refer to the individual
papers.
I. COST OF INJURIES (Paper I )
Even though the elderly made up only one sixth of the total number of persons injured during a
one year period, they accounted for 42% of the total cost of the medical care of injuries. The total
medical care cost in females peaked after 70 years of age, while in males it peaked between 10
and 29 years. The mean cost of medical care per person increased significantly at 60 years of age
and rose thereafter in both sexes (see Figure 3); the mean cost was four times higher in the older
group (>60 years) than the younger (<60 years) one. In the older group, the mean medical care
cost of serious and severe injuries (MAIS>3) was more than twice as high as that in the younger
group.
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Fig. 3. Mean medical care cost of injuries per patient by age

II. OVERVIEW OF HOSPITAL-TREATED INJURIES AMONG THE ELDERLY
(Paper II)
Of a total of 1,313 injured, 58% were females and 42% were males. Almost half of the injured
were aged between 60 and 69 years. The annual injury, fracture, and mortality rate per 1,000
persons >60 years were 57, 31, and 0.6, respectively. The injury and fracture rate increased with
advancing age.
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Almost half of the elderly were injured in the home environment (see Figure 4). Nearly one
quarter were injured in the traffic environment. One in eight older persons was injured in
institutions (long term medical care institutions not included); old-people's homes were the most
common places.
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Fig 4. Causes of injuries at different locations

Falls was the most common (70%) cause of injury. Fall injuries were more common in women
than in men. With advancing age the frequency of falls increased; falls was the cause of injury
in 85% of over 80 year olds. Ten per cent were injured in vehicle crashes.
More than half of the elderly had major injuries (MAIS>2). Women on the whole received
more serious injuries than men. With increasing age, the severity of injuries increased. Although
the majority of the elderly were injured in the home environment, all the severe and critical
injuries (MAIS>4) occurred in the traffic environment. Another interesting observation was that
40% of those injured in institutions received serious (MAIS>3) injuries.
H alf of the injuries were fractures; upper extremities was the most common location
followed by the lower extremities. Hip fractures (22% of fractures) and radius fractures (21%)
were the most common followed by fractures of the rib/sternum, humerus, malleolei and
vertebral column. In falls, 60% of the injuries were fractures and dislocations.
One third of the injured were hospitalized for an average duration of 13 days. With
increasing age, the total number of days in hospital increased and reached a peak at about 70
years of age. The mean number of days in hospital also increased with advancing age.

23

A total of 13 persons were fatally injured: six in vehicle crashes, six in falls, and one
choked on his food. Nine of these died in hospital. The other four died outside the hospital and
were thus taken directly to the State Institute of Forensic Medicine.
III. HOSPITAL-TREATED INJURIES AMONG THE ELDERLY IN THE HOME
ENVIRONMENT (Paper III)
The annual injury rate and the fracture rate were 30 and 15 per 1,000 elderly living at home,
respectively. The 621 injury events were grouped into two main categories: fall injuries (76%)
and "other" injuries (referred to as non-fall injuries). Fall injuries were more common in women
than in men.
Most falls (71%) occurred indoors. The most common causes of falls were slipping (25%)
and tripping (18%). The mechanism was unspecified in 13% of the falls; this group included
cases who had no memory of the circumstances of the fall event. One in five persons who fell
reported that intrinsic or health factors were the cause of the fall. In this group, sudden dizziness,
blackout, fainting and weakness was reported by 11%, balance difficulties associated with
disability or a medical condition - for instance, stroke or Parkinsonism - was reported by 5%, and
five men were under the influence of alcohol. Other intrinsic factors, such as defective vision
were also reported. Both falls due to intrinsic factors and those where the mechanism was
unknown increased with advancing age. The majority of non-fall injuries occurred in
woodworking, home maintenance or building work.
Environmental factors were stated by the patient to play a role in inducing half of the falls.
Snow/ice was the main causative factor in 13% of falls, and throw rugs in 8% of falls. Stairs was
given to the cause in 5% of falls.
Fifty-eight percent of falls resulted in fractures; hip fractures were the most common (24%).
Fall injuries were of a greater severity than non-fall injuries, and 43% of falls required
hospitalization for an average of 15 days. Falls accounted for 92% of the injury-related costs;
falls where an environmental factor was implicated accounted for almost 43% of the total cost
of fall injuires.
The medical cost of injuries for the elderly injured in the home environment exceeded the
cost of traffic and occupational injuries in all ages in the same geographic area.
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IV. HOSPITAL-TREATED INJURIES AMONG THE ELDERLY IN THE TRAFFIC
ENVIRONMENT (Paper IV)
The annual injury rate was 15 per 1,000 persons > 60 years. The 298 (60% females, 40% males)
injury events were grouped into three main categories: falls (52%), vehicle crashes (44%) and
"other" injury events. The main groups in the vehicle-crash category were bicyclists (21%), car
occupants

(15%),

and

other vehicle

occupants

(6%),

for example,

kick

sledge,

motorcycle/moped, and pedestrians (2%).
In females, falls were a more common cause of injury than vehicle events, whilst in males
there was a tendency for a converse relationship. There was clearly a higher number of falls in
the winter. Injuries associated with bicycle events occurred in the early spring, in the summer and
in the autumn.
Almost two thirds of the falls involved slipping on ice/snow; tripping was the underlying
mechanism in 15%. Dizziness was mentioned in one case and at least two cases were under the
influence of alcohol.
In almost one quarter of the bicyclist crashes, a four-wheel vehicle was involved. In the
motor-vehicle group, 65% were drivers. Just over half of the motor-vehicle crashes involved
collision with another vehicle, 37% involved only one vehicle, and 4% were animal-vehicle
crashes. Three of the five pedestrians were knocked down by a four-wheel vehicle.
Sixteen per cent of the injured received serious injuries (MAIS>3). It was only victims of
vehicle events that received severe and critical (MAIS>4) injuries. Almost half of the injuries
were fractures. Fractures were more common in falls than in vehicle events. The location of
fractures differed between the different injury categories; in fall and pedalcycle groups, the most
common fracture site was the radius and/or ulna; and in the car group, it was the rib cage.
Intracranial injuries (concussion, cerebral contusion, intracranial hemorrhage) occurred almost
exclusively in vehicle injury events.
About one third of the injured were hospitalized for a mean of 11 days. Almost half of the
vehicle events and one quarter of falls resulted in inpatient treatment. Both the total and the mean
costs of vehicle-associated injuries were higher than that of falls. Injuries due to ice/snow took
up 37% of the cost of all injuries in the traffic environment; these injuries accounted for 76% of
the cost of fall injuries and 11% of the cost of vehicle events.
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When frequency and cost were taken into consideration, the fall group was larger than the
pedalcycle group and that in turn larger than the car occupant group (see Figure 5)
Six of the injured died while in hospital: three bicyclists, one car driver, one pedestrian who
was knocked down by a car, and one person who fell.
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Fig. 5. Frequency and the total cost (medical care and social security) of injuries in the traffic environment

V. FATAL INJURIES AMONG THE ELDERLY IN THE TRAFFIC ENVIRONMENT
CPaper V)
The annual fatal-injury rate was 19 per 100,000 >60 year population; for males it was more than
double that for females. The fatal-injury rate for elderly male car drivers was ten times greater
than that for the female car drivers. The fatal-injury risk (deaths per unit distance) was highest
for bicyclists and pedestrians.
Of the 379 fatally-injured elderly persons, 68% were males and 32% females. The caroccupant group (43%) was the largest followed by the pedestrians (25%), bicyclists (15%), and
two-wheel-motor vehicles (TWMV) (8%). Most car drivers (89%) were male but the majority
of car passengers (74%) were female.
Car occupants were injured mostly in the winter, and bicyclists mostly in the summer. Only
15% of car drivers were injured during darkness. Almost equal proportions of pedestrians were
injured during darkness and daylight.
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About the same number of car occupants were injured at intersections as on straight roads.
One quarter of the pedestrian fatalities occurred at pedestrian crossings, and more than half of
the bicyclists and most of the TWMV rider fatalities occurred at intersections.
Most car occupants (85%) were fatally injured in multivehicle crashes and 15% in single
vehicle crashes. Environmental factors probably played a role in the precrash phase in 44% of
the car-occupant crashes. Slippery conditions due to ice/snow probably played a role in 31% of
the vehicle crashes.
In 63% of the fatalities in single-vehicle crashes, the car crashed into a road-side obstacle:
42% into a natural object (e.g. a tree), and 21% into an artificial object (e.g. an utility post).
In multivehicle crashes, 85% of the elderly car drivers were assessed to initiate the crash:
36% crossed over to the wrong side of the road and crashed into an oncoming vehicle; 21% failed
to yield the right of way; 13% misjudged the traffic situation, for example, overtaking; and 14%
misjudged a left turn.
Thirty-five per cent of elderly car occupants were fatally injured in frontal impacts, 29%
in side impacts, 26% in multiple impacts, and 2% in rear impacts. Among front-seat occupants,
serious injuries (AIS>3) were more common in side impacts than in frontal impacts; the most
common injuries in both frontal and side impacts were chest injuries. However, severe head
injuries (AIS>4) appeared to be more common in side impacts than in frontal impacts. In frontal
impacts, fatal chest injuries were just as common in the drivers as in the front-seat passengers.
All pedestrians and bicyclists, and most TWMV riders were injured in collisions with
motor vehicles. Seventy-eight per cent of the bicyclists and 54% of the pedestrians were judged
to be at least partly responsible for initiating the crash. Assessment of this responsibility was not
clear cut in 16% of pedestrian-vehicle crashes.
Only 4% of the car drivers had detectable blood alcohol levels and all of them were below
the legal alcohol limit in Sweden (which at this time was 0.5 o/oo). However, 15% of the
pedestrians had a BAC >0.5 o/oo.
Car occupants had a higher proportion of serious (AIS>3) chest injuries than head injuries,
while in pedestrians and bicyclists, serious (AIS>3) head injuries were more common than chest
injuries.
For car occupants, the most common cause of death was chest injuries followed by head
injuries. Fatal head injuries were more common in car occupants than in the other crash
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categories. Seventeen per cent died due to conditions arising after the crash, for example,
myocardial infarction, pulmonary thromboembolism, and pneumonia.
Fifty-eight per cent were dead on arrival at the hospital: 67% of car occupants, 50% of
pedestrians, 46% of bicyclists, 63% of TWMV riders. There was no significant correlation
between delayed death and advancing age within the elderly group. Seventeen per cent died
between one month and 5.5 months after the injury event.
VI. DIFFERENCES IN FATAL INJURIES BETWEEN OLDER AND YOUNGER
DRIVERS (Paper VI)
Fatalities per unit distance of driving by age showed a skewed U-shaped curve: they were highest
for the >70-year-old group and the 18-19-year-old group and the lowest for the 30-39-year-old
drivers. Fatalities per 10,000 licensed drivers showed an U-shaped curve with the highest rates
in the >70-year-old group and the <25 year-old group. The older (>60 years) drivers contributed
just as substantially to the total fatality frequency as the <25-year-old drivers.
Older (>60 years) drivers were more often injured in the winter, in the day-time, and at
weekends than younger (<60 years) drivers. With increasing age there was a clear increase in
fatalities occurring at road intersections.
With increasing age there was an increase in proportion of drivers who initiated the
multivehicle crash. There was a decrease in single crashes and a converse increase in
multi vehicle crashes with advancing age. Multi vehicle crashes involving a failure to yield the
right of way and misjudgement of a left turn were three times more common in the older group
than the younger group. Older drivers were also more likely to cross over to the wrong side of
the road and crash with an oncoming vehicle than younger drivers.
The older the driver, the greater the likelihood of crashes with "clear" side impacts or
frontal impacts, whilst multiple impact crashes decreased with age.
Extrinsic precrash factors played the least role in crashes involving the youngest ( 18-24
years) and the oldest drivers (>70 years). Ice/snow was the most common factor; this played the
greatest role in crashes of 50-59-year-old drivers. Involvement of road side hazards decreased
with increasing age of driver.
The proportion of drivers with detectable levels of alcohol in the blood decreased with age;
only 6% of older drivers were inebriated. Blood alcohol levels of above 2 o/oo were found in
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only 1% of the older drivers. Liver steatosis was more commonly found in drivers above the age
of 25 years than those below this age.
Fatal head injuries decreased whilst chest injuries increased with age. Chest injuries started
to increase at the age of 50 years. The older drivers received a higher proportion of moderate and
serious injuries (MAIS 2-3) than the younger ones. A significantly higher proportion of older
than younger drivers had lower ISS (< 1-15).
Safety belt usage clearly increased with age. Fatal chest injuries were more common in the
non-belted than the belted drivers. Fatal head injuries were, however, more common in the belted
than in the non-belted group, particularly among the younger drivers.
For older drivers, fatal head injuries were common in side impacts than in frontal impacts,
whilst the proportion of chest injuries in the two impact types was similar.
In older drivers the most common cause of death was chest injuries, whilst in the younger
it was head injuries. A larger proportion of older drivers died from various complications such
as pneumonia and pulmonary embolism than younger drivers. The ones dying from
complications had a lower ISS than those without.
A higher proportion of younger drivers than older drivers were dead on arrival at the
hospital. Of those who survived more than two days, the older drivers were twice as likely to die
from post-trauma complications than the younger drivers.
VII. ROLE OF DISEASE IN FATAL CRASHES (Paper VII)
Twenty-two per cent of the car drivers had medical intrinsic factors (MIF) that were judged to
constitute a risk of sudden incapacitation. Medical intrinsic factors were more common in males
than in females, particularly in the elderly (>60 years) drivers.
The mean age of the victims with MIF was 65.5 years; MIF became more common with
advancing age. Extrinsic precrash factors, for example, ice/snow, played a smaller role in crashes
where the drivers had MIF than in those without MIF. It was more common for drivers with MIF
to be involved in crashes where the vehicle crossed over to the wrong side of the road and
collided with an oncoming vehicle than those without MIF. A higher proportion of drivers with
MIF initiated the crash than those without MIF.
In 6% of the drivers, MIF probably contributed to the crash; the mean age of these drivers
was 67 years. Twenty-five (85%) of these drivers suffered from coronary heart disease, two
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drivers suffered from epilepsy, one driver had diabetes mellitus, and one had a
craniopharyngioma with recent hemorrhage. In 1.3% (n=6) of the drivers, the probability was
strong (grade 2). For a brief description of these six cases refer to Paper VII. In all these cases,
the vehicle crossed over to the wrong side of the road and crashed into an oncoming vehicle or
a tree. Five of these victims were aged over 60 years.
In 20% of the >60-year-old drivers, MIF probably contributed to the crash; the probability
was strong in 4% of the cases. We, however, did not find any case where the incapacitation
definitely contributed to the crash.
In 68% of the drivers, the incapacitation did not seem to play a role in the crash; in these
cases extrinsic factors and/or alcohol played a role in the crash. In another 13% of the drivers,
no conclusion could be reached either due to lack of information or as there was no extrinsic
factor or alcohol involved in cases with no risk of sudden incapacitation.
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DISCUSSION
I. DEFINITION OF ELDERLY
It was found in paper I that the mean cost of medical care of injuries increased significantly at
the age of 60 years and rose thereafter in both sexes. This suggests that at about the age of 60
years, the consequences of injuries start to become worse. This is probably because there is a
reduction in toleration of trauma with age since similar injuries in the young and old have a
poorer prognosis in the older patients (Baker et al 1974, Smith et al 1990). Thus on the basis of
this, all persons above the age of 60 years were defined as being elderly in the present thesis,
particularly as the main interest in the present work was to investigate the problem of injuries
from the medical care point of view. The basis of this definition is biological rather than
chronological; in Sweden people over the age of 65 years are entitled to old-age pension and
thereby "administratively" regarded as "old". Some studies in the literature regard persons 60
years and over as elderly (eg Schlag 1993) while others define elderly as those who are 65 years
and over (eg Champion et al 1989).
II. MORTALITY AND MORBIDITY DATA
In the present thesis both mortality and morbidity data are used to investigate the injury problem
in the elderly. Injury mortality data are easier to obtain and more complete than morbidity data.
However, mortality data alone do not always reflect the extent or severity of a particular injury
problem since most people who are injured do not die of their injuries (Committee for Injury
Prevention & Control 1989). Studies have shown that the leading causes of non-fatal and fatal
injuries are clearly different, and that the mortality data are not a good guide to either overall
injury incidence or the medical consequences of injuries (Barancik et al 1985). In view of this,
a thorough examination of an injury problem should consider both mortality and morbidity data.
The relationship between mortality and morbidity can be seen in the "injury pyramid" (see Figure
6 ).
Hospital Data (Inpatients & Outpatients)
From an epidemiological point of view, it is important that all trauma cases are included in the
injury surveillance data from a certain geographic area (Robertson 1992). The basic principle in
calculating population rates in the trauma cases in the numerator should only come from the
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population in the denominator. This is a major problem in hospital trauma registries where the
population from which the injuries come is often difficult or impossible to define (JA Waller
1988).
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/
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Injuries resulting
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Outpatients
Injuries resulting in treatment
in emergency rooms, medical centers

Injuries treated at home or not treated
Fig 6. The injury pyramid (modified from Committee for Injury Prevention & Control 1989)

In the present work, since the University Hospital of Northern Sweden in Umeå is the only
hospital serving a well-defined area with negligible overlap with the neighbouring health district,
it provided a unique opportunity to study nearly all the injured who seek emergency medical
attention from a particular area. Since our material includes both outpatients (ambulatory) and
inpatients (nonambulatory), it is a representative sample that reflects the trauma problem in the
area investigated. Bias is inherent in studies from hospitals that do not also examine persons
receiving only ambulatory care, since there are substantial differences between hospitalized and
ambulatory patients in type of activity at time of injury, and in anatomic location and injury type
(Payne & Waller 1989).
Even though we used a population-based study design, caution should be used in
interpreting our results. Our rate estimates reflect the number of injury events coming to acute
medical attention in our study area. All "accidents" do not necessarily result in injury and all
injuries do not necessarily come to acute medical attention: Nevitt et al (1991) found that 60%
of falls did not result in injury and only 6% of falls resulted in major injury (fracture, laceration
treated with sutures); and Cwikel (1992) showed that 37% of elderly fallers visited the
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emergency room. Also our surveillance system would not have identified those persons with
injury events resulting in minor injuries treated at local medical centres. We estimate that our
material included 90% of all trauma cases in the area, and at least all those with an injury severity
of MAIS>2 (Björnstig et al 1992). A cross check against the obligatory coding of the external
cause of injury (E code) (World Health Organisation 1977) by Bjömstig et al (1992) showed that
for injury events resulting in inpatient treatment, our identification is virtually complete. On the
basis of this, our results should be considered as conservative estimates of the overall problem
of injury events among the elderly.
Hospital injury data has a number of advantages compared to official data: for instance they
include all types of pedestrian injuries, including falls, which seldom come to the knowledge of
official authorities, as well as bicyclist injuries, of which only 10% get reported in official
statistics (Björnstig & Näslund 1984, Stutts et al 1990).
Fatal Injury Data
Since a national decree strongly recommends that police authorities request postmortem
examination of all fatally injured victims of vehicle crashes, it is estimated that only a negligible
number of cases were not autopsied at the State Institute of Forensic Medicine and thereby not
included in our mortality data on vehicle-related injuries. Moreover, injured cases who may have
been hospitalized for a long period of time would not be reported to the police and thereby not
be autopsied. However, these cases are too few to have a significant effect on the results. The
other advantage with our data was that it came from a well-defined population since the State
Institute of Forensic Medicine is the only centre in Northern Sweden, serving more than half of
the nation.
The advantage with our data compared to official Swedish traffic data is that we included
all fatalities regardless of period of survival, intention or traffic classification. In official traffic
data, only injuries in road traffic are reported; excluded are victims who survive more than 30
days, intentional injuries, and off-road injuries (cf Statistics Sweden 1992).
Alcohol - To get a reliable estimation of the blood alcohol level at the time of the crash, only
those who were dead on arrival at the hospital were assessed. Since intoxicated victims are more
likely to suffer immediate death than to be admitted for treatment (Dischinger et al 1988, Fell &
Hertz 1990), it is reasonable to assume that only a negligible number of drivers with blood
alcohol were not included in the present dead-on-arrival material. It is possible that some of the
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drivers in this selected sample may have been given intravenous infusions on the way to the
hospital, but this would have only a negligible effect on the blood alcohol concentration (Jones
1991).
The content of alcohol in blood in this thesis was expressed as weight (g) per weight (kg)
whole blood. If other units, for example, weight per volume are used, an error of a few percent
at the most (cf Evans & Frick 1993) will be present, which is insignificant for practical purposes.
Cause of Death - Criteria used to judge the primary cause of death can cause bias in fatal injury
data. In the present work, to minimize inter-individual differences in judgements, the judgement
of cause of death was made by one forensic pathologist (Prof Anders Eriksson) using the WHO
rules (1977) for classification of cause of death. This method might favour skull injuries when
several causes of death are present.
III. IMPACT OF INJURIES AMONG THE ELDERLY ON THE HEALTH CARE
SYSTEM (Paper I)
The impact of injury on society is enormous in terms of the economic cost, the public and private
burden of the cost, and the devastating effect on the lives of injured persons and their families
(Rice et al 1989).
The cost of injuries, as estimated in the present work, is a valuable indicator of the short
term consequences of injuries since it takes into account a number of aspects: inpatient and
outpatient treatment, and sickness benefit. The importance of this indicator does not lie in the
absolute monetary value, but in the relative cost for different age groups or injury categories. This
makes it possible to highlight areas that need to be given priority in intervention programmes and
research. To reduce the burden on society it may well be more valuable to prevent injuries that
have worse consequences rather than a high frequency.
Even though the elderly were 15% of the total number of persons injured, this group
accounted for 42% of the total cost of medical care. Thus, even if the number of elderly injured
is relatively low, this age group has a disproportional consumption of the health care resources
expended on trauma care.
Since most of the elderly in Sweden are not in employment after the age of 65 years, the
financial burden on society in the form of sickness benefit was negligible. However, even when
this was taken into account, the mean cost of injuries in the elderly group (>60 years) was nearly
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three times greater than in the younger group (<60 years). Thus, the elderly group, particularly
women above the age of 70 years, need to be given priority in injury intervention programmes.
Serious and more severe injuries (MAIS>3) in the elderly had a higher cost, which is an
indication of worse consequences, than in the younger group. In line with this, older patients have
been shown to have a higher case fatality, higher complication rates, and longer stays in hospitals
(Weingarten et al 1988, Finelli et al 1989, McCoy et al 1989).
Rehabilitation - The estimate of cost of injuries in paper I is a minimum cost, since the cost of
rehabilitation in long-term care units, home help, and other types of care is not included.
According to Oreskovich et al (1984), 92% of elderly hospitalized for severe injuries did not
return to their previous level of independence, and 72% required full-time nursing one year after
the injury. This problem of consequences of injuries in the elderly was also illustrated by
Covington et al (1993) who reported that 26% of the injured elderly required rehabilitation,
nursing home or other care, compared with 4% of adults and children. This shows the scale of
help that the elderly need after an injury, putting a heavy financial burden on society.
Comparison with Other Injury Groups - In the University Hospital health district, medical
care of trauma in the elderly cost two times more than vehicle-associated injuries (all ages), four
times more than occupational injuries (all ages), and 2.8 times more than pediatric trauma.
Despite this, research has focused relatively little attention on trauma in the elderly compared
with other well-known trauma groups (Harlan et al 1990). Thus, there is disparity between
trauma cost and investment in injury research and prevention programmes. In view of this,
prevention of and more efficient management of injuries in the elderly can have considerable
economic and health impact especially in the future.
IV. OVERVIEW OF INJURIES AMONG THE ELDERLY (Paper II)
Rate of Injury - It was found that in one year, 57 per 1,000 elderly > 60 years were treated at
the hospital for injuries; 19 per 1,000 elderly were hospitalized. The annual mortality rate in the
area was 0.6 per 1,000 elderly. Since one tenth, mostly minor injuries, were missed, and nearly
all patients with fractures are treated at the hospital, the fracture rate, which was 31 per 1,000
elderly, is a more reliable figure. The present injury rate is comparable with findings in an elderly
inner-city population in the United States of 48 injured per 1,000 elderly > 65 years (Grisso et
al 1990), and in a community based study of hospital admissions in France which reported that
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17 per 1,000 elderly >65 years were hospitalized (Tiret et al 1989). In the Northeastern Ohio
trauma study, fractures rates of 18 per 1,000 persons 60 years old rising to 30 per 1,000 persons
80 years old were reported (Fife 1985).
The injury rate increased with advancing age after 75 years. Others have also found a
similar trend in falls in the elderly (eg Lucht 1971, Grisso et al 1990). In line with findings on
elderly in institutions (Gryfe et al 1977), in the home (Lucht 1971), and in the community (Tiret
et al 1989, Grisso et al 1990), we also found that women had a higher injury rate than men.
Location and Causes of Injury Events - Almost half of the elderly were injured at home. This
finding, consistent with previous research on falls (Waller 1978, Schelp & Svanström 1987,
DeVito et al 1988, Grisso et al 1990), may be because elderly people spend more time at home,
because they are less careful around the home, or because the home is an unsafe environment.
Nearly one quarter were injured in the traffic environment, and at least 13% in institutions.
Although a high proportion of elderly were injured in the home environment, all the severe and
critical injuires occurred in the traffic environment, suggesting that further investigation of
injuries among the elderly in both these environments is merited. A high proportion of injuries
occurring in institutions were serious, indicating the frailty of this group of elderly.
Falls was the most common cause of injury in the elderly, comprising 70% of all injuries;
vehicle crashes accounted for 10%. This can be compared with a French study which found that
77% of injuries in old people >65 years resulting in hospital admissions were caused by falls
(Tiret et al 1989). Figures from the United States are lower: a study from Philadelphia showed
a fall rate of 26 per 1,000 population >65 years compared to the corresponding rate in our study
(39 per 1,000 population >60 years) (Grisso et al 1990).
Severity and Consequences of Injuries - One third of the elderly were hospitalized. The
severity of injuries, the proportion of injuries that were fractures, and the duration of
hospitalization was found to increase with advancing age in the elderly group. An increase in
injury severity with age in the elderly group has also been reported by Margulec et al (1970) and
Gryfe et al (1977). These findings suggest that the elderly population is a heterogeneous group
and it is possible that different injury control measures are needed for the "young old" and the
"old old" groups.
Women were found to have more severe injuries and a longer stay in hospital than men.
However, as regards the severity of injuries, the contrast between the sexes was more distinct

between 60 to 79 years of age. Above this age, men were just as likely as women to be severely
injured. Glisso et al (1990) also found a similar trend in fall injury rates. Thus injury prevention
strategies directed to the elderly need to consider these differences between the sexes with
advancing age; much research till now has focused on the problem of fractures in women,
particularly hip fractures (e.g. Meunier 1993). This is not to say that hip fractures in women is
not a problem but injuries in men also need attention (Seeman 1993). We also found, as expected
(Melton & Riggs 1985), that the frequency of hip fractures, which was also the most common
fracture type, increased with age. It was interesting that this type of fracture was more common
among women up to the age of 85, above this age it was just as common among men.

V. INJURIES IN THE HOME ENVIRONMENT (Paper III)
All causes of injury in the elderly in the home were investigated. Even though three of four
injuries were falls, non-fall injuries in the elderly also deserve attention. The annual home injury
and fracture rates were 30 and 15 per 1,000 elderly >60 years, respectively. Consistent with
previous research (Sattin et al 1990), the fall injury rate and the fall fracture rate was higher in
women than in men. Biological factors, such as osteoporosis, probably play a role in the
occurrence of fractures in women. Elderly women also seem to have less sensitive visual motion
detection mechanisms than males which increase their risk of falling (Owen 1985).

FALL INJURIES
Preventive strategies could be directed toward the host (the elderly person), the agent (the
mechanical energy) or the environment. The present findings are discussed using this model.

Modification of Intrinsic Factors in the Host
Preinjury Event Phase - Nineteen per cent of the persons injured in falls reported that intrinsic
or health factors were the cause of the fall, and 13% of the victims could give no reason for the
fall. With advancing age, fall injuries where intrinsic and unspecified factors were implicated
became more common, as has been found by others (Morfitt 1983, Overstall et al 1977). Many
reports have emphasized the importance of intrinsic factors in falls (e.g. Prudham & Evans 1981,
Cohn & Lasley 1985).
There is considerable uncertainty about which intrinsic factors best predict fall injuries in
the elderly. The role of drugs such as benzodiazepines in falls has been extensively discussed
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(Granek et al 1987, Ray et al 1987, Ryynänen et al 1993, Yip et al 1994). Other predisposing
factors for falls are cognitive impairment, disability of the lower extremities, decreased lower
extremity strength, and abnormalities of balance and gait (Tinetti et al 1987, 1988, Tinetti &
Ginter 1988; Whipple et al 1987, Grisso et al 1991). A recent prospective study suggested that
measure of spontaneous postural sway can be used as a preliminary screening tool for risk of
falling (Maki et al 1994). Impaired vision can also be an important risk factor in the elderly
(Felson et al 1989). However, these factors may actually predict falling rather than predict who
will fracture when they fall.
Injury Event Phase - The association between osteoporosis and fractures, particularly hip
fractures, has been extensively discussed (Cummings et al 1985, Devogelaer 1993). The dramatic
increase in hip fractures with age is widely believed to result primarily from age-related
osteoporosis (Riggs & Melton 1986). Prevention of osteoporosis by hormone replacement
therapy (Lindsay 1988) has been shown to reduce the incidence of hip fractures by 50% after five
years or more of therapy (Paganini-Hill et al 1981). Calcitonin (MacIntyre et al 1988) and
biphosphonate (Reginster et al 1989) also prevent bone mineral loss. Sodium fluoride with
calcium supplements increase bone mass but their effect on fractures still remains debatable
(Riggs et al 1990, Mamelle et al 1990).
While several studies have found that low bone mass and increasing age are associated with
an increased risk of hip fractures (Ross et al 1990, Cummings et al 1990), virtually all
investigators have also found a considerable overlap in bone density values between hip fracture
patients and age- and gender-matched controls (Cummings 1985, Melton et al 1990). Cummings
& Ne vitt (1989) put forward a hypothesis in which they proposed that in addition to osteoporosis
and falling, hip fractures are a result of several age-related changes in neuromuscular function
that increase the likelihood that a fall will lead to a hip fracture. Recently, Greenspan et al (1994)
concluded that among elderly fallers, in most of whom the hip bone mineral density is already
less than the fracture threshold, fall characteristics and body habitus are important risk factors
for hip fractures. Thus the nature of the fall determines the type of fracture, while bone density
and factors that increase or attenuate the force of impact of the fall determine whether a fracture
will occur when the faller lands on a particular bone (Nevitt & Cummings 1993).
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Reduction in Mechanical Energy (Injury Event Phase)
Hip fractures among the elderly represent a significant and rapidly growing public health problem
(Cummings et al 1985a). We found that one in every four fractures was a hip fracture. As
discussed above, there is considerable controversy as to whether a fracture of the hip among the
elderly should be regarded as a disease (related to the excess loss of bone associated with
osteoporosis) or as an injury event (related to increased frequency or severity of trauma), or as
a combination of the two (Melton & Riggs 1986).
Recently, investigators have begun to focus on the etiologic role of fall severity in hip
fracture risk. It has been postulated that the direction of the fall, the use of protective responses,
such as breaking the fall with the outstretched arm, and the energy-absorbing capacity of soft
tissues over the hip may be more important determinants of hip fracture than femoral bone mass
(Cummings & Nevitt 1989, Melton & Riggs 1985). It has been shown that the impact site and
the body mass index, an indicator of trochanteric soft tissue thickness, are stronger predictors of
hip fracture risk than femoral bone mineral density; the increased soft tissue thickness reduces
impact forces delivered to the hip in a fall (Hayes et al 1991, Hipp et al 1991, Maitland et al
1993). In line with this concept, several authors (Myers et al 1989, Cummings & Nevitt 1989,
Greenspan et al 1994) suggested that an external cushioning of the hip area can be one way of
decreasing the impact forces of a fall. Recently, a Danish study on elderly in a nursing home
showed that external hip protectors reduced the risk of hip fracture by 53% (Lauritzen et al 1993).
There is current research being carried out in the United States on the development of air
bags for hips and knees (Zylke 1990). "Active air bags" have sensors that detect the onset of a
fall leading to ejection of gas into the air bag. Since air bags are claimed to absorb twice as much
shock for the same thickness as the best foams on the market, including that used on the space
shuttle (Zylke 1990), they may prove to be even more effective than external foam hip protectors
as the ones used by Lauritzen et al (1993). The greatest advantage of external protectors is that
they reduce the risk of injury regardless of the circumstances of the fall or the environment or
even the degree of osteoporosis. On the other hand, compliance is a problem.
Modification of Environment
Preinjury Event Phase - In the present work, an attempt was made to determine the proportion
of falls where an environmental causative factor could be identified. This was not always clear
cut, particularly in the "older" elderly, where there was often overlap between intrinsic and
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environmental factors. Others have also discussed this issue (Morfitt 1983; Nelson & Amin
1990) and according to Droller (1955), the "liability to fall" is always bound up with the
"opportunity to fall".
We found that environmental factors played an important role in causing about half of the
falls. These findings are comparable with other reports: Lucht (1971) 39%, Waller (1978) 45%,
and Morfitt (1983) 45%. Clark (1968) found that an environmental component could be ascribed
in 22% of the hip fractures. Thus, at least theoretically, it could be possible to influence half of
the falls by environmental modification. Moreover, we also found that fall injuries where an
environmental factor was implicated, accounted for almost 43% of the total cost of fall injuries,
showing the burden of environmental-related injuries on the health care system.
Falls on stairs are common in elderly persons (Svanström 1971). We found that almost one
in six fall injuries occurred on stairs, and stairs were implicated to be the underlying precipitating
cause in almost one third of the injuries on stairs. As pointed out by Sheldon (1960), we also
found that missing the last step on descent of a flight of stairs, was a common mechanism.
Improvement of lighting on stairs and installation of spotlights placed on both the sides of the
last step can make this step more distinct. Other stair design considerations include detection of
tread edge, lighting (glare), and handrails (Archea 1985; Pauls 1989). Degraded visual acuity in
the elderly also seems to be an important factor in foot placement and foot clearance in stair
descent (Simoneau et al 1991)
Injury E vent Phase - Most falls occurred on the same level, and almost three of four events
occurred indoors, as has been found by others (Haga et al 1986; Grisso et al 1990). The finding
that women were more likely than men to fall indoors is consistent with Campbell et al (1990).
In addition, the fall injuries occurring indoors were of greater severity than those occurring
outdoors. This may be because frail people have a tendency both to sustain severe injuries and
to stay indoors (Wild et al 1981). The floor indoors may also influence the severity of injury.
Better energy-absorbing floor materials, for example, similar to those used in boxing rings
(Hogue 1982) can have an injury preventive value. However, making the floor more energy
absorbing by using throw rugs is not suitable because these will probably increase the opportunity
to fall by tripping and slipping as was found in the present work. Thus materials covering the
whole floor area are to be recommended. The degree of slip resistance of floor surfaces may be
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another aspect that needs to be considered (Redfern & Bloswick 1987). Floor slipperiness was,
however, found to be only a minor hazard in the present work.
In line with Haddon's (1974) ideas, the elderly, even more so the ones who due to
underlying intrinsic factors run an increased risk of falling and receiving severe injuries, need an
environment that is less hazardous, more negotiable, and that accommodates for their increased
vulnerability.

Mixed Injury Prevention Strategy
Due to the multifactorial etiology of most falls, a "mixed strategy", as recommended by Haddon
et al (1981), could be the most effective fall injury prevention strategy in the elderly. This
strategy combines environmental modification with other injury countermeasures such as
estrogen therapy, improvement of orientation and protective responses in the faller, and
enhancement of local shock absorption,
A prospective study in Denmark on prevention of fall injuries among the elderly (70-80
years old) in the home, which used a multidisciplinary approach including making environmental
changes showed a tendency of decline in fractures but no statistical significant decrease in the
overall incidence of injuries (Poulstrup 1989; 1992). However, a Swedish study carried out in
Falköping where the population was informed, the staff educated, and the environment improved,
showed a decrease in the number of injuries in the elderly (Schelp & Svanström 1987).

NON-FALL INJURIES
One in every four injuries in the home were non-fall injuries; the incidence was higher in men
than in women. Common activities associated with non-fall injuries were woodworking, home
maintenance and building work, and household chores. One third of non-fall injuries were
sustained in woodworking; an electric saw was the most common injury causing object. Waller
(1989) also pointed out that 17% of carpenters receiving medical attention were injured when
using an electric saw. In a report on woodworking injuries, Justis et al (1987) found that the table
saw was the most dangerous machine and the failure to use properly installed guards was the
most common causal factor of woodworking injuries. As old people often have poor eyesight and
have other age-related changes that make them more prone to injury, safety systems in power
tools should be adapted to their needs.
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VI. INJURIES IN THE TRAFFIC ENVIRONMENT (Papers IV, V, VI)
HOSPITAL-TREATED INJURIES (Paper IV)

Injury Rate
We found that 1-2 persons per 100 elderly >60 years were injured in the traffic environment in
our district in one year.
Overview of Injuries
More than half of the injuries in the traffic environment were pedestrian fall injuries; 21% were
bicyclist injuries, 15% were car occupant injuries, and only 2% were pedestrian-vehicle injuries.
This shows that pedestrian falls were found to be just as important as vehicles in causing injury
in the elderly in the traffic environment. It is important to highlight this issue, as little attention
has so far been paid to the pedestrian who is not injured in a vehicle crash. In the district studied,
elderly (>60 years) were found to account for 46% of pedestrian falls in all ages in the traffic
environment; the corresponding figure for vehicle-associated injuries is 13% (unpublished data).
Thus, since only 20% of the population in this district is >60 years, pedestrian falls are clearly
over-represented in the elderly.
Females were found to have a higher rate of falls than males. Men were more frequently
injured in vehicle crashes than in pedestrian falls, especially with increasing age. Men are known
to drive more than females, particularly in the elderly group (Planek & Fowler 1971).
Fractures were more common in pedestrian falls than in vehicle crashes. The pattern of
fractures differed between the different injury categories: the most common fracture site in the
pedestrian fall group and bicyclist group was the wrist followed by the hip, and in the car
occupant group it was the thoracic cage. One quarter of the hip fractures occurred in vehicle
crashes. Hedlund et al (1987) also pointed out the importance of hip fractures in traffic crashes.
Vehicle-related crashes caused the most severe and critical (MAIS>4) injuries and the most
fatalities, and cost (total and mean) more than pedestrian falls. Thus from the injury cost point
of view, it is most important to prevent vehicle-related injuries, but when total injury frequencies
are considered, pedestrian falls deserve just as much priority in injury prevention programs as
vehicle-related injuries to make the traffic environment safer for the elderly.
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Pedestrian fall-related Injuries
Almost 40% of the total cost (medical care and sickness benefit) of injuries in the traffic
environment went to pedestrian fall injuries. Two thirds of the pedestrian falls were initiated by
ice/snow. Also in other countries - Denmark (Merrild & Bak 1983), England (Ralis et al 1988),
and the United States (Waller 1978, Lewis & Lasater 1994) - ice/snow has been documented to
be a hazard for pedestrians. Ice/snow-related pedestrian fall injuries took up 30% of the cost of
all injuries in the traffic environment. Thus, we identified one of the most costly hazards causing
injuries in this environment. According to Haddon & Baker (1981), emphasis and priority should
be given to countermeasures directed at the hazard that would most effectively reduce injury
losses. In view of this, special schemes aimed at removing ice/snow, reducing slipperiness by
spreading sand and salt, and heating of pavements are definitely needed. Special anti-slip devices
that can be attached to shoes, provided to this vulnerable group can have a preventive value. The
devices available on the market at present need to be adapted so they can be easier for old people
to use.
Tripping was another common mechanism in pedestrian falls, particularly over kerbstones.
It is questionable whether kerbstones have to be so high and whether they are needed at all at
pedestrian crossings. A more distinct marking of the edges of the kerb can make this more
conspicuous, particularly as old people have age-related visual impairments (Cohn & Lasley
1985). This measure would also make it easier to distinguish the pavement from the road and
thereby have an additional beneficial effect on the incidence of vehicle-pedestrian crashes;
improved delineation has been found to reduce crash rates (Deacon 1988). Injuries caused by
tripping over uneven paving stones is another problem that needs to be pointed out (David &
Freedman 1990).
Vehicle-related Injuries
The problem of the elderly bicyclist was highlighted in the hospital-treated injuries: almost half
of the cases in the vehicle category were bicyclists compared with car occupants who represented
only one third of the vehicle category. Furthermore, the vulnerability of the elderly bicyclist was
reflected by the finding that of the seven who died in the traffic environment, three were
bicyclists. Moreover, the total cost of bicyclist injuries was greater than that of car occupants.
Permanent disability also seems to more common in elderly bicyclists than in younger ones
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(Olkkonen et al 1993). Wong (1987) also pointed out that a high proportion of bicyclists injured
in traffic are elderly.
Car occupants took up 40% of the cost of all vehicle-related injuries. Findings have shown
that there is a trend among the elderly to rely more on the car as a mode of transportation than
in the past (Rosenbloom 1988, Vilhemsson 1989). In view of this and other risk factors (Evans
1988, Brorsson 1989) taken together with the expected population trends, it is important to
prevent car crashes in the fclderly.
A total of six pedestrians were injured in collisions with vehicles, and two died as a result
of their injuries. Increased pedestrian mortality among the elderly has also been found by Sklar
et al (1989). The mean cost and the fatality rate of pedestrian injuries was high compared to the
other injury categories. Elderly pedestrians do run a much higher risk of being injured and of
suffering more serious injuries than younger people (Haddon et al 1961, Wong 1987, Teanby &
Gorman 1993).
FATAL INJURIES (Papers V, VI)
Injury Rate
The annual fatal injury rate for the elderly in the traffic environment was 19 per 100,000 >60
year-old population; it was highest for the car drivers and pedestrians.
Male elderly drivers had a higher fatal injury rate but a lower fatal injury risk (per unit
distance) than females. Evans (1991) found that in the United States, elderly male drivers had a
higher fatal injury rate, but there was, however, no difference in the fatal injury risk between the
sexes. Our finding of a higher fatal injury risk in females compared to males may be because
females are less experienced as drivers than males (Hakamies-Blomqvist 1994). It is interesting
that the crash characteristics of younger female drivers are similar to the ones found in older
drivers (Hakamies-Blomqvist 1994).
The elderly were over-represented in fatal traffic crashes as reflected by the fatal injury rate
by age. Higher crash rates due to age-related impairment of, for example, sight (Burg 1971, Kline
et al 1992), or perception (Scialfa et al 1987) may account for this. Elderly also have a lower
injury tolerance and have a higher risk of fatal outcome from the same impact than younger
persons (Evans 1988, 1991).
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Injury Risk
The number of car driver fatalities per unit distance driven showed a U-shaped pattern with age;
this is in line with others (Cerelli 1989, Williams & Carsten 1989, Evans 1991). It has been the
general consensus in reports from the United States that even though the injury risk in older
drivers is as high as that for the young drivers, the major contribution to traffic fatalities comes
from young drivers (Williams & Carsten 1989, Evans 1991). In the United States, 30% of fatallyinjured passenger car drivers are aged 18-24 years and 11% are aged > 65 years (FARS 1986).
However, we found that the 18-24-year-old drivers (21%) and >65-year-old drivers (20%)
contribute about equally to the total number of fatalities. This discrepancy may be partly due to
differences in the proportions of young (18-24 years) licensed drivers between Sweden (13%)
and the United States (17%); the proportions of older drivers do not differ much between these
countries (11% and 12%, respectively) (FARS 1985, Swedish Road Safety Office 1985).
Differences in the traffic environment between these two countries may also partly explain the
discrepancy.
Thus, the present results suggest that since older drivers make a substantial contribution
to traffic deaths in Northern Sweden, they must have at least equal claim as young drivers on
resources available for intervention.
Overview of Injuries
The largest category, which accounted for 43% of the fatalities, was the car occupant group,
followed by pedestrians and bicyclists. However, the pedestrians and the bicyclists had the
highest number of fatalities per unit distance travelled. Thus, the unprotected road users also need
to be given their fair share of attention in road safety as has also been pointed out by Mohan
(1990). This fatal injury pattern differed from the non-fatal one in the elderly in the traffic
environment (see above and paper IV) where pedestrian fall-related injuries were the most
common followed by bicyclist, car occupant and the pedestrian-vehicle categories. Unintentional
fatal fall injuries have been found to be less likely to be investigated by a medical examiner than
transportation fatalities and thereby under-reported in medical examiner data (Dijkhuis et al
1994). This could also be a limitation in our fatal injury data. We found in our hospital study on
the traffic environment that one of the six who died in hospital was injured in a fall.
The profile of crash categories with age was different from that found in other countries.
We found, for example, that 58% of all fatally injured pedestrians and 51% of bicyclists were
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aged 60 years and over. The corresponding figures for the United States for the over-65-year-olds
are 22% and 7%, respectively (FARS 1989), and for Singapore for the over-60-year-olds, 42%
and 35%, respectively (Wong 1987). Differences in demographics and transportation patterns,
and maybe safety, are some factors that can account for these variations.
Elderly Car Drivers
Substantial differences between younger (<60 years) and older drivers (>60 years) in terms of
crash characteristics and injuries were found. Some of the changes in crash characteristics and
injuries with age started as early as 50 years. However, the fatality risk with exposure increased
substantially after the age of 70 years.
Precrash Phase
Responsibility - Responsibility in initiating multivehicle crashes increased with age as has been
found by others (Verhaegen et al 1988, Cerelli 1989, Cooper 1990, Hakamies-Blomqvist 1993).
Almost nine of ten fatally injured elderly were found to initiate the crash. This does not
necessarily reflect that elderly drivers, in general, almost always initiate the crash, since the
present study was limited in that only those who are fatally injured were investigated.
Intoxication - The proportion of drivers who were intoxicated decreased with age: blood alcohol
was detected in 33% of the younger drivers compared to 6% of the older ones. A recent study
from Finland also showed that 7.3% of elderly drivers had alcohol in their blood (HakamiesBlomqvist 1994). Studies from the United States have reported that 40% of fatally injured elderly
are intoxicated (Baker et al 1970). The present findings taken together with others (Fell 1987,
Öström & Eriksson 1993) suggest that intervention focused on intoxication in Sweden needs to
be directed mainly to younger drivers.
Time o f crash - Our findings showing that older drivers were more often injured in the day-time
and on weekdays, are in line with others (e.g. Planek & Fowler 1971, Mortimer & Fell 1989,
Cerelli 1989, Cooper 1990). This suggests that older drivers avoid driving in the darkness and
it is consistent with the fact that older drivers avoid driving in difficult traffic circumstances. This
indicates that the elderly compensate for their own limitations (Hakamies-Blomqvist 1994). This
can also be a symptom arising because the traffic environment is not adapted to accommodate
for the limitations of the elderly driver.
Intersections - As found by others (Hauer 1988, Cerrelli 1989, Viano et al 1990), older drivers
are more likely to be involved in multi vehicle crashes, and be injured at intersections than
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younger ones. Older drivers had problems with giving way to other vehicles, and with left turns;
this is also consistent with others (Waller 1977, Harrington et al 1970, Cooper 1990). Much
attention has been focused on intersections, particularly in the United States, where 40% of
elderly drivers are fatally injured at intersections (Hauer 1988). Thus, crashes involving older
drivers are characterized by problems related to perception, driver attention and decision making
(Scialfa et al 1987, Verhaegen et al 1988, Hakamies-Blomqvist 1993). It has also been shown
experimentally that the performance of older drivers deteriorates in complex situations (Cremer
et al 1990). According to Hauer (1988), the safety of older drivers can be increased by improving
the design of intersections.
Older drivers were also more likely than younger ones to cross over to the wrong side of
the road and crash with an oncoming vehicle suggesting that divided highways can make the
traffic environment safer for the elderly.
Environmental factors - Environmental factors played a minor role in crashes with the youngest
(18-24-years) and the oldest (>70 years) drivers compared to the other age groups. This suggests
that in these age groups, non-environmental factors are more important. A factor was regarded
to be causal if its absence would have meant that the crash would not have occurred. However,
one needs to keep in mind that a crash is seldom solely caused by one factor independent of
confounding influences from other components (Evans 1991).
Crash Phase
Side impacts - Our findings that vehicles driven by older drivers had a higher proportion of side
impacts than those driven by younger drivers are in line, with others (Verhaegen et al 1988, Viano
et al 1990, Evans 1991). The older drivers were more likely to have fatal head injuries in side
impacts than in frontal impacts. The injury pattem in the younger drivers, however, did not differ
between the two impact types. Others have also pointed out the importance of side impacts on
serious head injuries (Siegel et al 1990, Mackay et al 1990). These results taken together with
findings of Otte et al (1984) suggest that in side impacts, particularly in the elderly, protection
of the head is important.
Thus, when developing crash safety systems for side impacts, the age of the car occupant
needs to be taken into account. Viano et al (1990) suggested that softer interiors which are
particularly suited for occupants with lower thresholds of injury, should be favoured. It has also
been shown that safety belts are effective in reducing injuries in both frontal and side impacts
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(Mills & Hobbs 1984, Otte et al 1984). However, Siegei et al (1993) showed recently that safety
belts use reduced brain injury in frontal motor vehicle crashes but not in lateral crashes. Recently,
airbags providing protection in side impacts have been introduced (Olsson & Skötte 1989,
Håland & Pipkornm 1991, Warner et al 1991).
Injuries and safety belt use - The proportion of fatal head injuries decreased and that of chest
injuries increased with age; this was consistent with another Swedish study (Håland et al 1993).
Crash injury experimental studies have also shown that the incidence of chest injuries increases
with age and that an impact load that just begins to produce rib fractures with no displacement
when applied to the chest of younger person, may well generate life threatening injuries in an
older person (Mackay 1988).
Since we found that both chest injuries and safety belt use increased with age, and as chest
injuries can be caused by seat belt loading (Hill et al 1994), the injury pattern in the belted group
was compared with that in the non-belted group in older and younger drivers. Fatal chest injuries
were more common in the non-belted group than in the belted group as has also been found by
Cushman et al (1990) and States et al (1990). In extremely severe crashes, fatal chest injuries,
however, also occur in seat belt users (Arajärvi & Santavirta 1989). The nature of the steering
assembly in cars also influences the severity of chest and abdominal injuries in car drivers
(Horsch et al 1985). However, fatal head injuries were more common in the belted drivers than
in the non-belted ones, particularly among the younger drivers. Further assessment of this issue
was not possible due to the small size of our sample.
It is generally accepted that safety belt use is effective in reducing injuries (Marine et al
1994). It is, however, possible that the design of the belt restrain system needs to be adapted for
use by older drivers by distributing the load absorbed by the chest over a larger area. Airbags are,
however, effective in reducing injuries regardless of age of driver (Evans 1991, Huelke et al
1992). Airbag-only protection can reduce driver fatalities by about 30% (Zador & Ciccone 1993).
Drivers with airbag-only protection have, however, a higher fatality risk than those with belt only
(Evans 1990). Thus, a safety belt restrain system complemented by an airbag is probably the best
intervention available today.
Environment - Roadside hazards were involved mostly in crashes involving younger drivers.
This was an expected finding as road side hazards play a major role in single crashes which
involve mostly younger drivers (Öström & Eriksson 1993). Others have also pointed out the
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importance of the roadside environment in crashes (Wright & Robertson 1976, Brorsson et al
1988, Green et al 1991).

Postcrash Phase
The most common cause of death in older drivers was chest injuries, and that in younger drivers
head injuries. Fatally injured older drivers had a lower ISS than the younger ones, and they were
more likely to die of late complications than the younger ones. Thus, older drivers died as a
consequence of less severe injuries than younger ones. Others have also shown that similar
injuries in the young and old have a poorer prognosis in the older persons (Baker et al 1974,
Oreskovich et al 1984, Smith et al 1990). Smith et al (1990) found that the mortality in the
elderly increased with the number of complications and suggested that the greatest improvement
in survival of elderly trauma victims may be achieved by anticipating and preventing
complications by optimal trauma care. Recently, Broos et al (1993) also stressed the need for
more aggressive trauma care for the elderly.
Elderly Pedestrians

Precrash Phase
We found a higher rate of alcohol intoxication among the pedestrians fatalities (one in six)
compared with the other crash categories (one in sixteen). Others have also demonstrated the
importance of alcohol as a factor in adult pedestrian fatalities (Haddon 1961, Wyss 1990, Everest
1992). There is also an association between the degree of alcohol inebriation in pedestrians and
their responsibility (Waller 1972). Control of pedestrian intoxication is, however, an issue that
is difficult to deal with.
The design of pedestrian crossings and the timing of pedestrian signals merits attention,
since just over a quarter of the elderly pedestrians were fatally injured at pedestrian crossings.
A recent study on fatal pedestrian-truck crashes suggested that pedestrians and trucks need to be
separated at crossings by time and space by setting the white painted stop lines for motor vehicles
farther back from the crosswalks (Retting 1993). Furthermore, the timing of pedestrian signals
are not always based on the walking speed of old people; in a recent study it was shown that 27%
of elderly pedestrians did not get enough time to cross a light-controlled intersection (Hoxie et
al 1994).
Motor vehicle drivers also need to show more respect for pedestrians at pedestrian
crossings since all pedestrian fatalities and 60% of hospital-treated pedestrian injuries occurred
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in collisions with motor vehicles. Furthermore, improvement in the lighting in the traffic
environment and the use of reflectors by pedestrians may also reduce the number of casualties,
since almost half of the pedestrians were fatally injured in the darkness. Others have also shown
that darkness has a major effect on pedestrian casualties (Smeed 1968). Modifying the crossing
behaviour of older persons is, however, not an effective countermeasure (Wiener 1968).

Crash Phase
We found that fatal head injuries were common in pedestrians. The exterior shape of the vehicle
is of importance in the nature of injuries that a pedestrian suffers (Bunketorp 1983, Mackay 1988,
Retting 1993). A British study showed that fatal injuries in 25% of pedestrians might have been
less severe if trucks were fitted with side rails (Riley et al 1985).
Elderly Bicyclists

Precrash Phase
We found that all fatally-injured bicyclists and 22% of hospital-treated bicyclists were injured
in collisions with motor vehicles, mostly at intersections, suggesting that the most effective way
of reducing fatal injuries would be to totally separate motor vehicles from bicyclists by having
bikeway systems. A Scandinavian study demonstrated that this countermeasure reduced the risk
of injury in bicyclists associated with motor vehicles, by about 44% (Kallberg et al 1982). We
found that alcohol played a negligible role in elderly fatally-injured bicyclists. Recently, Li &
Baker (1993) also found that fatally-injured elderly bicyclists are the less likely to be intoxicated
compared to other age groups.

Crash Phase
In line with other reports (Fife et al 1983, Björnstig & Näslund 1984, Friede et al 1985, Öström
et al 1993), we also found that head injury was the most common severe injury and cause of
death in bicyclists, and 14% of hospital-treated injuries in bicyclists were head injuries. Thus
helmets are to be recommended, as they are effective in preventing head injury (Thompson et al
1989, Björnstig et al 1992, Öström et al 1993). Recently it was reported that the helmet
protection potential may be higher in elderly bicyclists than in younger ones: 47% of ^65-yearold bicyclists might have survived if a helmet had been used compared to 33% of 0-14 year-old
bicyclists (Olkkonen 1993).
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VII. ROLE OF DISEASE IN FATAL CRASHES (Paper VII)
Most research on medical impairment in drivers has been limited by the inability to define some
conditions, inadequate sample selection, poor definition of excessive crash risk, ignoring of
comorbid conditions or human-environmental interactions, and failure to examine the interaction
of aging and medical conditions (Waller 1992). Sudden incapacitation or sudden death among
drivers precipitated by preexisting medical conditions is a matter of concern, and effective
screening methods which include a thorough medical assessment are needed to identify drivers
at risk (O'Neill 1993).
Natural death in traffic
A number of studies have investigated natural deaths in traffic (e.g. West et al 1968, Kerwin
1984, Öström & Eriksson 1987), and it has been found that sudden natural deaths play a minor
part in traffic crashes and tend not to result in serious injuries. One quarter of all drivers fatalities
in the traffic environment are attributed to natural deaths, the dominant cause is ischemic heart
disease; coronary atherosclerosis with recent or old myocardial infarctions were commonly found
(Öström & Eriksson 1987). Öström & Eriksson (1987) found that the mean age of car drivers
who died due to natural death was 59 years pointing out the importance of medical impairment
not only in elderly drivers but also in younger ones.
Medical impairment in traumatic deaths in traffic
The contribution of medical impairment in traumatic deaths in traffic has, however, not received
much attention, probably because this is a more difficult issue to investigate. We investigated this
issue by developing a grading system to assess the probability of contribution of medical intrinsic
factors (MIF) to the crash. This system takes into account both the risk of sudden incapacitation,
based on the medical history and pathological autopsy findings, and extrinsic non-medical
contributing factors. Since it is difficult to be completely certain that MIF contributed to the
crash, the method of using a probability scale gives a measure of probability that MIF was a
major contributing factor in the crash. Obviously the present approach has limitations; for
discussion on this refer to paper VII.
M edical Intrinsic Factors - Since most sudden deaths in traffic are correlated with
cardiovascular diseases (Peterson & Petty 1962, West et al 1968, Öström & Eriksson 1987), and
subjects with coronary heart disease show abnormal electrocardiographic changes during driving
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(Bellet et al 1968), we considered atherosclerosis, coronary thrombosis, and myocardial
infarction as the most important MIF determining the risk of incapacitation. Furthermore, since
epilepsy and diabetes mellitus has been found to have an increased traffic crash risk (KasteleijnNolst et al 1987, Hansotia & Broste 1991, 1993, Krumholz et al 1991, Dionne 1993), they were
also considered as MIF.
Almost one quarter of the drivers were found to have MIF that were considered to
constitute a risk of sudden incapacitation. This can be compared to findings reported in a study
on autopsied drivers: Gerber et al (1966) found severe coronary atherosclerosis in 25% and
occlusions in 4% of the drivers in which death was caused by crash-related trauma.
Age and Sex - Medical intrinsic factors were more common in males than in females (cf Öström
& Eriksson 1987, Myerburg & Davis 1964). We found that with advancing age, MIF became
more common and the grade of sudden incapacitation increased; 85% of the >70-year-old group
had MIF. This is in line with other findings showing that moderate and severe heart disease at
autopsy is, as expected, more common in older drivers than in the younger ones (Baker & Spitz
1970, Gerber et al 1966).
Crash Characteristics - Extrinsic precrash factors played a smaller role in drivers who had MIF
compared to those who did not have MIF. Drivers with MIF usually crossed over to the wrong
side of the road and collided with an oncoming vehicle. It is possible that MIF influenced the
driver in such a way that he/she lost control of the car which resulted in the crash. Even in a
recent study, it was found that 39% of crashes where medical conditions played a role, would
probably have been prevented with some form of highway dividing barrier (Dischinger et al
1993).
Responsibility - Drivers with MIF were more often responsible for initiating the crash than those
who did not have MIF. These findings suggest that there is reason to believe that MIF plays a
causal role in the crash. Baker & Spitz (1970), however, found no correlation between driver
responsibility for crash and autopsy evidence of disease or physical disability. On the other hand,
it has been reported that drivers with cardiovascular diseases have more crashes and violations
per unit distance, and are more often responsible than drivers known not to have chronic medical
diseases (Waller 1965, 1967, 1969).
Causal Role o f M IF in Crash - In 6% of the drivers, MIF probably played a causal role in the
crash; the mean age of these drivers was 67 years. In 1.3% of the drivers, the probability that MIF
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played a causal role in the crash was strong; 83% of these drivers were aged >60 years. Our
findings are in fair agreement with those of Peterson & Petty (1962) who showed that in 4% of
fatally-injured drivers, autopsy evidence of disease may have been the causal factor in the
crashes. Our findings again reflect that the importance of medical impairment in elderly drivers
as an underlying precrash factor. Thus, it seems that fatally-injured younger drivers are more
likely to be intoxicated (paper VI), but the older drivers are more likely to be medically impaired.
This issue of whether medical impairment may be replacing alcohol as an important factor in
crashes caused by older drivers was also raised by Baker & Spitz (1970).
In a recent study of 124 crashes which resulted in serious injuries requiring trauma centre
care, it was found that in 5.6% of the crashes, a medical condition (diabetes, epilepsy, heart
attack) was the primary event that precipitated the crash, and for an additional 4%, the medical
condition was possibly the cause of the crash (Dischinger et al 1993). Even though these findings
are not directly comparable with our autopsy findings, they are interesting as they are surprisingly
similar to our results.
Sum m ary - Medical impairment was probably an underlying cause in 1 of 17 fatal crashes (1
of 5 in the elderly) in Northern Sweden; the probability was strong in 4% of the elderly drivers.
The exact association between most autopsy findings and the degree of impairment at the time
of the crash still remains unclear. Thus, as to what degree pathological autopsy findings correlate
to driving safety is an issue that still needs to be investigated.
Ischem ic Heart Disease

As discussed above, ischemic heart disease was the most common medical impairment in drivers
and the dominant cause of natural death (Öström & Eriksson 1987). In Sweden, people suffering
from ischemic heart disease are required to have permission from a specialist in internal medicine
to drive (SOSFS 1984:31). If the patient has a pacemaker, the physician must be a cardiologist.
However, victims do not necessarily have to have symptoms prior to a crash (Öström & Eriksson
1987, Antecol & Roberts 1990). Moreover, there can be drivers who can die of cardiac causes
in traffic with no previous documentation of heart disease (Norman 1958, Öström & Eriksson
1987). On the other hand, a recent study on medical conditions in truck drivers showed that
drivers with coronary heart disease did not have more crashes than those in good health (Dionne
et al 1993).
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Diabetes
We found only one case of insulin-dependent diabetes in the 480 fatally-injured car drivers in
Northern Sweden, but this was not considered as a strong contributing factor to the crash (paper
VII). Drivers with diabetes mellitus have been found to have no (Ysander 1966) or only a slightly
increased risk of traffic crashes (Hansotia et al 1991). However, a recent study showed that truck
drivers with diabetes have more crashes than healthy drivers (Dionne et al 1993).
In Sweden, the diabetic patient is required to have good control of the blood glucose,
particularly to avoid hypoglycemia. It is interesting that persons with type 1 diabetes show
cognitive changes even during asymptomatic hypoglycemic blood concentrations (Pramming et
al 1986). In Sweden, the patient is controlled every five years, or if diabetes has been present for
more than ten years, every other year. Persons with insulin-dependent diabetes are not allowed
to drive commercially (SOSFS 1984:31, TSVFS 1991:29).
Disorders of the Central Nervous System
Epilepsy - We found only two cases of epilepsy among the 480 drivers fatally-injured drivers,
and in one of these cases, epilepsy most probably played a causal role in the crash (paper VII).
Hansotia et al (1991) worked out a standardized crash mishap ratio and suggested that further
driving restrictions are not warranted for epileptic patients.
In Sweden, a seizure-free interval of two years, and EEG free from bilateral synchronized
spike-wave activities is required before a driver with epilepsy can be permitted to drive. In
addition, the epileptic driver must be examined by a physician with experience in neurology, and
is required to be followed up after one, two and five years (SOSFS 1984:31).
Other Disorders - The role played by dementia in crashes is an issue that is receiving increasing
attention (Donnelly & Karlinsky 1990, O'Neill 1993, Drachman & Swearer 1993, Waller et al
1993). Dementing illnesses are found in 6% of the population aged 65 years and over.
(Cummings & Benson 1992). Some studies have shown that there is an association between
dementia (Lucas-Blaustein et al 1988, Friedland et al 1988, Dubinski et al 1992, Drachman &
Swearer 1993), acquired brain damage (Van Zomeren et al 1987) and high risk for traffic crashes.
Preliminary results from an ongoing study in Sweden show that seven of the first 27 elderly (>65
years) car driver fatalities had morphological signs of Alzheimer's encephalopathy; 52% fulfilled
the neuropathological criteria (Johansson et al 1994). It has also been found that 60% of elderly
drivers referred to a geriatric assessment centre, who were driving at the time of the assessment,
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were diagnosed as having some degree of cognitive impairment (Carr et al 1990). Furthermore,
it has been found that one-fifth of the cases with dementia continue to drive despite their
cognitive impairment (O'Neill et al 1992). However, a recent study showed that drivers with early
stages of Alzheimer's disease did not have higher crash rates, and showed few differences in
crash characteristics compared to controls, suggesting that Alzeheimer's disease is not a major
problem from the standpoint of at least highway safety (Waller et al 1993).
Mental disorders and suicidal tendency will obviously increase the risk for intentional
deaths in traffic. In line with a recent study from Great Britain (Kuroda & Pounder 1994), in
Northern Sweden 1-2% of crashes have been estimated to be intentional, and in 57% of these
crashes, mental disorders were documented (Öström et al 1994).
VIII. DRIVER SCREENING AND LICENSING
It has frequently been suggested that all drivers above a certain age should be screened by
undergoing a medical examination to identify those whose declining skills increase the risk of
crash involvement. Older drivers have a higher risk of traffic crash involvement and higher
probability of serious injuries relative to younger drivers (paper VI, Williams & Carsten 1989).
This is despite the fact that they tend to avoid driving in poor conditions (papers V, VI).
Furthermore, medical impairment is more common in older drivers than in younger ones (paper
VII). Since the risk of fatal injury starts to increase significantly at about the age of 70 years
(paper VI), it appears warranted to begin screening at this age. On the other hand, since the mean
age of drivers who die due to natural death in traffic is 59 years (Öström & Eriksson 1987), and
the mean age of drivers where medical impairment plays a causal role in fatal injury crashes is
67 years (paper VII), screening of younger drivers can also be warranted.
Increased crash risk can result from many performance characteristics for which valid, costeffective tests have not yet been developed. The problem has been to identify suitable criteria that
can be used in a medical examination to effectively distinguish drivers who may be at risk of
causing a crash due to their incapacitation from those not at risk (PF Waller 1988, 1991). Poor
performance of elderly drivers in laboratory driving tests is not correlated with driving
performance in traffic (Schlag 1993). Thus, because of an inability to predict driving performance
on the basis of tests of skill and knowledge, licensing procedures have relied on specific points
to demarcate the age at which a person can become a driver, but not the age at which a person
is too old to drive. Chronological age per se is not a good predictor of ability when older persons
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are considered, but the probability of developing medical problems does increase with age (cf
paper VII). Moreover, a driving restriction based on age alone would, apart from triggering
enormous opposition, result in the elderly using other forms of transportation. This in it self
would hardly reduce morbidity or mortality associated with injuries since the elderly unprotected
road users are more frequently injured and have a higher fatal-injury risk than elderly car drivers
in the traffic environment (papers IV, V, VI).
Most European countries, except Sweden, require medical evaluation for routine licence
renewal in the elderly (OECD 1986). However, the effectiveness of these medical tests is still
questionable. In Israel, it was found that when 10,937 drivers aged >65 years were screened by
standard vision and medical examinations, 27% of drivers got an added driving restriction; but
only 7% of the drivers started wearing glasses while driving as a result of the vision acuity test
(Zaidel & Hocherman 1986). Zaidel & Hocherman (1986) questioned the value of compulsory
and costly medical examinations in traffic safety. However, standard static vision acuity findings
may be less important than visual attention problems, indicated by the useful field of vision, in
predicting vehicle crashes in older drivers (Ball et al 1993).
Those who die of natural causes while driving are not always aware of any underlying
medical problems prior to the crash (Öström & Eriksson 1987, West et al 1968). It was beyond
the scope of the present work (paper VII) to determine if medical intrinsic factors seen at autopsy
or in the medical history can be used in some way to define criteria that can be used to distinguish
drivers at risk from those not at risk; this obviously is a very difficult issue to investigate.
Driving licensing cannot be viewed as a way of screening out all the "bad" drivers. There
are many factors that contribute to "good" or "poor" driving performance and licensing cannot
realistically test for all of them (PF Waller 1988). According to Waller (1988), the most
important modification that should be considered for older drivers is a graduated driving
reduction program in which the impaired older drivers are gradually eased out of the driving
population. Restrictions based on geographic area and time of day can also be feasible (Lange
& Gerston 1990).
There are no simple solutions to this problem (review by PF Waller 1988). It is important
to keep in mind that generalizations about older drivers are often confounded by inter-individual
variability (Hakamies-Blomqvist 1993, PF Waller 1991). A balance must be sought between
legislative action, medical tests and the level of motorization that would avoid social segregation
and relegation of the elderly.

56

CONCLUSIONS
Even though the elderly make up 15% of the total number of injured persons who receive acute
medical care, they account for 42% of the total cost of medical care showing a disproportional
consumption of the health care resources expended on trauma care. Thus prevention and more
efficient management of injuries among the elderly would have a considerable economic impact.
By applying findings from other reports to our results, we estimated the theoretical
potential reduction in hospital-treated and fatal injuries among the elderly (Tables 3 & 4 below).
The injury reduction potential is estimated for each measure assuming that none of the other
injury reducing measures are taken. Due to the obvious overlap between the injury reducing
potential of the different measures, it is not possible to estimate the injury reducing potential of
all measures if used simultaneously in an injury prevention program.
We estimate that the greatest injury prevention potential for the elderly lies in
environmental modification; about one quarter of hospital-treated injuries, mostly falls, and about
one third of fatal injuries can theoretically be controlled by this means. According to Haddon &
Baker (1981), the demands of an environment should be adapted to the ability of the people, and
the design of any system should be based on expectations of minimum levels of human
performance. Thus, elderly should not be expected to adapt to an environment designed for
young and able people.
Falls are not only a dominant cause of injury among the elderly both in the home and the
traffic environments, they also account for the highest cost of medical care compared to other
injury categories. Elimination of environmental hazards involved in falls can theoretically result
in reduction of about one quarter of all hospital-treated injuires in the elderly (Table 3). An
improvement in the environment would also benefit elderly who fall and get injured due to
intrinsic factors. Since snow/ice play a role in two-third of the pedestrian falls in the traffic
environment and in one-eighth of falls in the home environment, and account for a substantial
proportion of the total cost of injuries in the elderly, further countermeasures directed at
reduction in slipperiness induced by ice/snow can have a significant injury reduction impact
among the elderly. However, due to the multifactorial etiology of most falls, a "mixed injury
prevention strategy" (Haddon et al 1981) is probably the most effective fall injury prevention
approach in the elderly: environmental modification can be combined with other injury
countermeasures, such as prevention of osteoporosis, improvement of orientation and protective
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responses in the faller, and enhancement of local shock absorbtion by, for example, external hip
protectors. We estimate that 5% of the hospital-treated injuries in the elderly can theoretically
be reduced by use of external hip protectors and hormone replacement therapy for osteoporosis
(Table 3).

Table 3. Estimation of potential reduction of hospital-treated injuries by different injury reducing measures in the
health district of University Hospital of Northern Sweden based on one-year data on 1,313 elderly (P aper II)
"Faller"

Environmental modification1
Hip fracture reduction2
Helmet use3
Alcohol4

Car occupant

Pedestrian

Bicyclist

Total

360
57

-

1

-

-

-

7

1

-

3
12
3

360 (27%)
61 (5%)
12 (< 1%)
11 (<1%)

1Elimination of environmental hazards in falls according to papers III & IV
2 Estimated 50% reduction of hip fractures based on use of hip protectors (Lauritzen et al 1993) and hormone
replacement therapy for osteoporosis (Paganini-Hill et al 1981) (papers II, 111 & IV)
3 Estimated 20% injury reduction (Björnstig et al 1992), assuming that none of the bicyclists in our data was wearing
a helmet (paper IV)
4 Estimated 100% reduction if none of the cases was intoxicated

Table 4. Estimation of potential reduction of fatalities by different injury reducing measures in the traffic
environment in Northern Sweden based on 10-year data on 379 elderly (Paper V)___________________________
Car occupant

Environmental modification1
Helmet use2
Disease3
Shoulder belt/lap belt4
Alcohol5
Airbag6

Pedestrian

Bicyclist

TWMV

Total

89

29

-

-

8
22

3
2

-

-

-

-

-

-

8
-

1
-

1
-

129 (34%)
24 (6%)
22 (5%)
14(4%)
13 (3%)
6(1% )

22
14
3
6

1Elimination of environmental precrash hazards and crash environmental hazards according to paper V
2 Estimated 40% injury reduction (Björnstig et al 1992), assuming that 80% of the TWMV riders and none of the
bicyclists in our data was wearing a helmet (paper V)
3Estimated 20% reduction of fatalities if drivers with medical impairment were removed from the driving population
(paper VII)

4 Estimated 42% fatality reduction in drivers, 39% reduction in front-seat passengers, 18% reduction in backseat
passengers based on Evans (1991), assuming that 20% of car occupants in our data were unbelted (paper VI)
5 Estimated 100% reduction if none of the cases was intoxicated
6 Estimated 8.5% fatality reduction in belted occupants in frontal crashes, 17% reduction in non-belted occupants
in frontal crashes if airbags were installed based on Evans (1991), assuming that 20% of the occupants in our data
were unbelted (paper VI)

58

More than half of the hospital-treated injuries in the traffic environment are pedestrian falls
and only 44% are vehicle-related crashes. Vehicle-related crashes, however, result in the most
severe and critical injuries and the most fatalities, and cost (total and mean) more than pedestrian
falls. Thus, from the injury cost point of view, it is most important to prevent vehicle-related
injuries, but when total frequencies are considered, pedestrian falls deserve to be given just as
much priority in injury prevention programs as vehicle-related injuries, to make the traffic
environment safer for the elderly population.
The bicyclist injury category account for almost half of the vehicle-related injuries treated
at the hospital and one-seventh of the vehicle-related fatal injuries in the traffic environment.
Moreover, elderly bicyclists have a much higher fatal injury risk than car drivers. We estimate
that about 6% of the fatally injured and about 1% of the hospital-treated injured elderly would
theoretically have less injuries if the bicyclists had used a helmet (Tables 3 & 4). Total separation
of bicyclists from motor vehicles by having bikeways can also be an effective countermeasure
for reducing fatal injuries and severe non-fatal injuries in the elderly bicyclists Since all fatally
injured elderly bicyclists are injured in collisions with motor vehicles.
Pedestrian-vehicle injuries, particularly fatal injuries is another dominant injury category;
elderly pedestrians also have a higher fatal injury risk, and a higher mean cost of injuries than car
drivers. All pedestrian fatalities and a majority of the pedestrian hospital-treated injuries occur
in collisions with motor vehicles, most often at pedestrian/intersection crossings suggesting that
the design of pedestrian crossings need to be adapted to the elderly pedestrian. Elimination of
environmental hazards such as ice/snow involved in pedestrian-vehicle crashes is theoretically
estimated to reduce about 8% of all fatal injuries in the elderly in the traffic environment (Table
4).
Elderly drivers have higher fatality rate and fatality risk than middle-aged drivers.
Moreover, the elderly driver group contributes just as substantially to the total number of
fatalities as the 18-24-year-old driver group. Thus, these findings do not support the myth that
injuries in older drivers is not a significant problem due to their low frequency. The most recent
figures show that today in Sweden there is a higher number of elderly (>65 years) driving license
holders than younger ones (18-24 years). Thus since the elderly drivers make a substantial
contribution to traffic deaths and as the older driver population is expected to increase in Sweden,
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the safety of the elderly drivers in traffic is an important issue and measures need to be taken
today to make the traffic environment safer.
The older drivers more often initiate multi vehicle crashes than younger drivers, they have
problems with giving way and left turns at intersections, and they seem to avoid difficult driving
conditions suggesting that the traffic environment is too complex for them. In the past, traffic
planners have expected drivers to adapt to the traffic environment, but there is changing opinion
that it should be the converse, with the traffic environment instead being adapted to the drivers.
As suggested by Waller et al (1977), older drivers can be regarded as the "miner's canary" in the
traffic environment to warns us of where the driving task is complex and thus give us an
indication of passive safety improvements that are needed to make the traffic environment safer
not only for the elderly but also for the entire driving population.
Screening and restriction of driving of older drivers based on age alone is controversial.
Effectiveness of screening of drivers by a medical examination is still questionable due to the
lack of suitable criteria that can distinguish drivers at risk from those not at risk (PF Waller
1988). Role of medical impairment in drivers, as investigated in paper VII, showed that disease
was a precrash factor in 20% of fatally injured elderly drivers. We estimate that about 5% of all
fatal injuries in all elderly in the traffic environment can theoretically be reduced (Table 4) if
drivers with medical impairment were removed from the driving population. The problem is even
if we had suitable criteria for screening of drivers, unacceptably large numbers of drivers would
have to be screened and restricted for relatively small gain in fatal injury reduction (Haddon &
Baker 1981). It is, however, interesting that at least theoretically, removal of elderly "medicallyimpaired" drivers would have a greater fatality reduction effect than air bag installation in all
vehicles driven by elderly drivers (Table 3). On the other hand, air bag installation and an
improvement in the traffic environment would benefit all drivers, even impaired drivers.
A "passive automatic" approach which does not require any action on the part of the
elderly, is to be recommended when improving safety in the home and the traffic environments.
In view of the population trends with the elderly population growing and along with it a growing
elderly driver population, it is important that authorities and public health workers accept the
challenge to continue and intensify the injury preventive work for the elderly.

60

ACKNOWLEDGEMENTS
I wish to express my deep appreciation and sincere gratitude to:
Ulf Björnstig, my supervisor and my friend, for his enthusiastic support, encouragement and interest, for elaborate
discussions and criticism, for making me sometimes feel "great minds think alike", and for introducing me to the field
of injury research. He always believed in me even when I had my moments (many) of doubt about injury research and
started to glorify Immunology research. I also thank him for being my body guard on research trips in different cities in
the United States, especially downtown Portland, and for carrying my many bags (he never quite understands why I need
so many bags or for that matter why I insist on running marathons!).
Anders Eriksson, my co-supervisor, for introducing me to fatal injury research, for his enormous support,
encouragement, enthusiasm, optimism, for always being willing to read my manuscripts, and for believing in me before
I myself ever did. I also thank him for giving me inspiration and opening new horizons for my art work.
Mats Öström, my research colleague for generous support and many discussions, for sharing with me the secrets of
writing a "thesis", and teaching me to make piles of paper on the floor. Our discussion in the Arizona desert resulted in
paper VI.

Lolomai Örnehult, the institution's secretary and my friend who has helped me with manuscripts, slides, computer
problems with ever increasing number of new programs with their ever increasing complexity (no new computer
programs, please!), and many other things including watering and "debugging" my plants.
Anna Maria Astlind Nygren, my colleague and good friend for coding the data in the mid 1980s, for giving me support
in my research, and for always being there in difficult times of my life.
Jeanette Jonsson for support and much valued friendship in those early years of research.
Elisabeth Sonntag-Öström, Lars Johansson, ElsMarie Henriksson and Johanna Björnstig for help and support.
The staff o f the Institute o f Forensic Medicine for their support, especially the running team "Rätt så Trött" - we shall
hit BIG time one day! Think BIG!
Lory Jonson-Eriksdotter & Gunnila Östberg for their help.
My friends at Medical School, especially Erna, Eija, Margaret and the "snus" guys for their support and "Good Times".
My mother, father, sister and brothers for always supporting me even across the seas.
George, Sonja, Andreas, Michael and Tony, my dear family, for their love, great patience, and understanding, and for
being my greatest supporters in all situations in my life, including marathon training; without them nothing is meaningful.
Without snus, coke, masarines, my knee injury, and the summer o f 1994 (the summer that Sweden got bronze in
football), garden party in uptown Tavelsjö, my IBM laptop, this thesis was never possible.
This work was financially supported by The Faculty of Medicine, Umeå University, Fonden för ograduerade forskare,
and The Swedish Road Safety Office.
Now this thesis has come to the end o f a long road, new roads lead to ............................ the Boston marathon .............

61

REFERENCES
Åberg A. Olycksfall bland äldre. Socialmedicinsk Tidskrift. 1994;71:10-13.
Aloia JF, Cohn SH, Ostuni JA, Cane R, Ellis K. Prevention of involutional bone loss by exercise. Ann Intern Med.
1978;89:356-358.
Antecol DH & Roberts WC. Sudden death behind the wheel from natural disease in drivers of four-wheeled motorized
vehicles. Am J Cardiol. 1990;66:1329-1335.
Arajärvi E & Santavirta S. Chest injuries sustainçd in severe traffic accidents by seatbelt wearers. J Trauma. 1989;29:3741.
Archea JC. Environmental factors associated with stair accidents by the elderly. Clin Geriatr M ed.l985;l :555-569.
Baker SP & Spitz WU. Age effects and autopsy evidence of disease in fatally injured drivers. JAMA. 1970; 214:10791088.
Baker SP, O'Neill B, Lang WB. The injury severity score: a method for describing patients with multiple injuries and
evaluating emergency care. J Trauma. 1974;14:187-196.
Baker SP, O'Neill B, Ginsburg, MJ, Guohua L. The injury fact book. Oxford University Press Inc. New York. 1992.
Barancik JI, Cramer CF. Northeastern Ohio Trauma Study: overview and issues. Public Health Rep. 1985;100:563-565.
Ball K, Owsley C, Sloane ME, Roenker DL, Bruni JR. Visual attention problems as a predictor of vehicle crashes in
older drivers. Invest Opthalmol Vis Sci. 1993;34:3110-3123.
Bellet S, Roman L, Kostis J, Slater A. Continuous electrocardiographic monitoring during automobile driving. Am J
Cardiol. 1968;22:856-862.
Brorsson B, Ifver J, Rydgren H. Injuries from singe-vehicle crashes and snow depth. Accid Anal Prev. 1988;20:367-377.
Brorsson B. The risk of accidents among older drivers. Scand J Soc Med. 1989;17:253-256.
Björnstig U & Näslund K. Pedal cycling accidents - mechanisms and consequences. A study from Northern Sweden. Acta
Chir Scand. 1984;150:353-359.
Björnstig U, Öström M, Eriksson A, Sonntag-Öström E. Head and face injuries in bicyclists- with special reference to
possible effects of helmet use. J Trauma. 1992;33:887-893.
Broos PI, D'Hoore A, Vanderschot P, Rommens PM, Stappaerts KH. Multiple trauma in elderly patients. Factors
influencing outcome: Importance of aggressive care. Injury. 1993;24:365-368.
Bunketorp O. Pedestrian protection in car accidents: An experimental and clinical study. Thesis, Dept of Orthopaedic
Surgery II, University of Gothenburg, Sweden, 1983.
Burg A. Vision and driving: A report on research. Human Factors. 1971;13:79-87.
Campbell AJ, Borrie MJ, Spears GF, Jackson SL, Brown JS, Fritzgerald JL. Circumstances and consequences of falls
experienced by a community population 70 years and over during a prospective study. Age Ageing 1990; 19:136-141.
Carr D, Jackson T, Alquire P. Characteristics of an elderly driving population referred to a geriatric assessment centre.
J Am Geriatr Soc. 1990;38:1145-1150.

62

Cerrelli E. Older drivers, the age factor in traffic safety. Washington DC: National Highway Traffic Safety
Administration; 1989.
Champion HR, Copes WS, Buyer D, Flanagan ME, Bain L, Sacco WJ. Major trauma in geriatric patients. Am J Public
Health. 1989;79:1278-1282.
Cifu DX. Rehabilitation of the elderly crash victim. Clin Geriatr Med. 1993;9:473-483.
Clark ANG. Factors in fracture of the female femur. A clinical study of the environmental, physical, medical and
preventing aspects of this injury, Gerontol Clin. 1968;10:257-270.
Cohn TE & Lasley DJ. Visual depth illusion and falls in the elderly. Clin Geriatr Med. 1985;1:601-620.
Committee on Injury Scaling. The Abbreviated Injury Scale, AIS-85. Arlington Heights, IL: American Association
Automotive Medicine. 1985.
Committee on Trauma Research. Injury in America - A continuing Public Health Problem. National Ac.ademy Press,
Washington, DC, ISBN 0-309-03545-7, 1985.
Committee for Traffic Research Board (TRB) Special Report. Transportation in an Aging Society. Demographics and
travel trends. Special Report 218. Washington DC: Transportation Research Board, National Research Council; 1988:2034.
Committee for Injury Prevention & Control. Injury Prevention: Meeting the Challenge. Am J Prev Med supplement.
1989;5.
Cooper PJ. Differences in accident characteristics among elderly drivers and between elderly and middle-aged drivers.
Accid Anal Prev. 1990;22:499-508.
Covington DL, Maxwell JG, Clancy TV. Hospital resources utilized in treating the injured elderly. J Am Geriatr Soc.
1993;41:847-852.
Cremer R, Snel J, Brouwer WH, Age related differences in timing of position and velocity identification. Accid Anal
Prev. 1990;22:467-474.
Cummings SR, Kelsey JL, Nevitt MI, O'Dowd KJ. Epidemiology of osteoporosis and osteoporotic fractures. Epidemiol
Rev. 1985;7:178-208.
Cummings SR. Are patients with hip fractures more osteoporotic? Am J Med. 1985;78:487-497.
Cummings SR & Nevitt MC. A hypothesis: the causes of hip fractures. J Gerontol 1989;44:M107-M111.
Cummings SR, Black DM, Nevitt MC. Appendicular bone density and age predict hip fractures in women: the study of
Osteoporotic Fractures Research Group. JAMA. 1990; 263:665-668.
Cummings JL & Benson DF (eds) Dementia. A Clinical Approach. Butterworth-Heineman, Stoneham MA. 1992.
Cushman LA, Good RG, Annechiarico RP, States JD. Effect of safety belt usage on injury patterns of hospitalized and
fatally injured drivers 55+. Proceedings 34th meeting Association Advancement Automotive Medicine. 1990; 127-137.
Cwikel J. Falls among the elderly living at home: medical and social factors in a national sample. Isr J Med Sci.
1992;27:446-453.
David HG & Freedman LS. Injuries caused by tripping over paving stones: an unappreciated problem.
BMJ. 1990;300:784-785.

63

Deacon JA. Potential improvements in roadway delineation for older drivers. In: Transportation in an Aging Society.
Special report 218. Washington DC; Transportation Research Board, National Research Council; 1988:253-269.
De Haven H. Mechanical analysis of survival in falls from heights of fifty to one hundred and fifty feet. War Med.
1942;2:586-596.
DeMaria EJ. Evaluation and treatment of the elderly trauma victim. Clin Geriatr Med. 1993;9:461-471.
DeVito CA, Lambert DA, Sattin RW, Bacchelli S. Ros A, Rodriguez JG. Fall injuries among the elderly. Communitybased surveillance. J Am Geriatr Soc. 1988;36:1029-1035.
Devogelaer JP, Nagant de Deuxchaisnes C. Osteoporosis. Br J Rheum. 1993;32(suppl 4):48-55.
Dijkhuis H, Zwerling C, Parrish G, Bennet T, Kemper HCG. Medical examiner data in injury surveillance: A comparison
with death certificates. Am J Epidemiol. 1994;139:6-12.
Dionne G, Desjardins D, Laberge-Nadeau C, Maag U. Medical conditions, risk exposure and truck drivers' crashes: An
analysis with count data regression models. Proceedings 37th meeting Association Advancement Automotive Medicine.
1993:173-188.
Dischinger PC, Söderström CA, Shanker BS, Cowley RA, Smialek JE. The relationship between use of alcohol and place
of death in vehicular fatalities. Proceedings 32nd meeting Association Advancement Automotive Medicine. 1988;229311.
Dischinger PC, Siegel JH, Read KM, Mason-Gonzalez S. The role of medical conditions in high speed crashes.
Proceedings 37th meeting Association Advancement Automotive Medicine. 1993:424-425.
Donnelly RE & Karlinsky H. The impact of Alzheimer's Disease on driving ability: A review. J Geriatr Psychiatry &
Neurology. 1990;3:67-72.
Drachman DA & Swearer JM. Driving and Alzeheimer's disease: the risk of crashes. Neurology. 1993;43:2448-2456.
Droller H. Falls among elderly people living at home. Geriatrics. 1955;10:239-244.
Dubinski RM, Williamssn A, Gray CS, Glatt CS. Driving in Alzheimer's disease. J Am Geriatr Soc. 1992;40:1112-1116.
Evans L. Risk of fatality from physical trauma versus sex and age. J Trauma. 1988;28:368-378.
Evans L. Restraint effectiveness, occupant ejection from cars, and fatality reductions. Accid Anal Prev. 1990;22:167-175.
Evans L. Traffic safety and the driver. New York: Van Nostrand Reinhold; 1991.
Evans L & Frick MC. Alcohol's influence on fatality risk, given that a crash has occurred. J Studies Alcohol.
1993;54:441-449.
Everest JT. The involvement of alcohol in fatal accidents to pedestrians. J Traffic Med. 1992;20:15.
Fatal Accident Reporting System (FARS) 1985. A review of information on fatal traffic accidents in the United States
in 1985. Washington DC: National Highway Traffic Safety Administration, U.S. Dept of Transportation; 1986.
Fatal Accident Reporting System (FARS) 1989. A review of information on fatal traffic accidents in the United States
in 1989. Washington DC: National Highway Traffic Safety Administration, U.S. Dept of Transportation; 1991.
Fell JC. Alcohol involvement rates in fatal crashes: a focus on young drivers and female drivers. Proceedings 31st
meeting Association Advancement Automotive Medicine. 1987; 1-30.

64

Fell JC & Hertz ES. The effects of blood alcohol concentration on time of death for fatal crash victims. Proceedings 34th
meeting Association Advancement Automotive Medicine. 1990:69-81.
Felson D, Anderson JJ, Hannan MT, Milton RC, Wilson PWF, Kiel DP. Impaired vision and hip fracture - The
Framingham study. J Am Geriatr Soc. 1989;37:495-500.
Fife D, Davis J, Tate L, Wells JK, Mohan D, Williams A. Fatal injuries to bicyclists: The experience of Dade County,
Florida. J Trauma. 1983;23:745-755.
Fife D. Northeastern Ohio trauma study III: Incidence of fractures. Ann Emerg Med 1985;14:244-248.
Finelli FC, Jonsson J, Champion HR, Morelli S, Fouty WJ. A case control study for major trauma in geriatric patients.
J Trauma. 1989;29:541-548.
Friede AM, Azzara CV, Gallagher SS, Guyer B. The epidemiology of injuries to bicycle riders. Pediatr Clin North Am.
1985;32:141-151.
Friedland RP, Koss E, Kumar A, Gaine S, Metzler D, Haxby JV, Moore A. Motor vehicle crashes in dementia of the
Alzeheimer type. Ann Neurol. 1988;24:782-786.
Gerber SR, Joliet PV, Feegal JR. Single motor vehicle accidents in Cuyahoga County (Ohio): 1958-1963. J Forensic Sci.
1966;11:144-151.
Gibson JJ. The contribution of experimental psychology to the formulation of the problem of safety: a brief for basic
research. Reprinted from: Behavioural Approaches to Accident Research. New York: New York Assoc for the Aid of
Crippled Children. 1961:77-89.
Gordon JE. The epidemiology of accidents. Am J Public Health. 1949;39:504-515.
Granek E, Baker SP, Abbey H, Robinson E, Meyers AH, Samkoff JS, Klein LE. Medications and diagnoses in relation
to falls in a long-term facility. J Am Geriatr Soc. 1987;35:503-511.
Green RN, German A, Nowak ES, Dalmotas D, Stewart DE. Fatal injuries to restrained passenger car occupants: crash
modes and kinematics of injury. Proceedings 35th meeting Association Advancement Automotive Medicine. 1991:103117.
Greenspan SL, Myers ER, Maitland LA, Resnick NM, Hayes WC. Fall severity and bone mineral density as risk factors
for hip fracture in ambulatory elderly. JAMA. 1994;271:128-133.
Grisso JA, Schwarz DF, Wishner A R, Weene B, Holmes J.H, Sutton, RL. Injuires in an elderly inner-city population.
J Am Geriatr Soc. 1990;38:1326-1331.
Grisso JA, Kelsey JL, Strom BL. Risk factors for falls as a cause of hip fracture in women. N Engl J Med.
1991;324:1326-1331.
Gryfe Cl, Amies A, Ashley MI. A longitudinal study of falls in an elderly population. I. Incidence and morbidity. Age
Ageing. 1977;6:201-210.
Gustafson Y, Brännström B, Berggren D, Ragnarsson S-I, Sigaard J, Bucht G, Reiz S, Norberg A, Winblad B. A
geriatric-anesthesiologic program aimed at reducing acute confusional states in elderly patients treated for femoral neck
fractures. J Am Geriatr Soc. 1991;39:655-662.
Haddon W Jr, Valien P, Me Carroll JR, Umberger CJ. A controlled investigation of the characteristics of adult
pedestrians fatally injured by motor vehicles in Manhattan. J Chron Dis. 1961;14:655-678.

65

Haddon W Jr. Strategy in preventive medicine: passive vs active approaches to reducing human wastage. J Trauma.
1974;14:353-354.
Haddon W Jr. Options for the prevention of motor vehicle crash injury. Isr J Med. 1980;6:45-68.
Haddon W Jr & Baker SP. Injury Control. In Preventive and Community Medicine, ed Clark D. & MacMahon B. Little,
Brown & Company. 1981:109-140.
Haga H, Shibata H, Schchita K, Matsuzaki T, Hatano S. Falls in the institutionalized elderly in Japan. Arch Gerontol
Geriatr. 1986;5:1-9.
Hakamies-Blomqvist LE. Fatal accidents of older drivers. Accid Anal Prev. 1993;25:19-27.
Hakamies-Blomqvist LE. Compensation in older drivers as reflected in their fatal accidents. Accid Anal Prev.
1994;26:107-112.
Hakamies-Blomqvist LE. Aging and fatal accidents in male and female drivers. J GerontoFSoc Sci. 1994 (in press).
Håland Y & Lövsund P, Nygren A. Life-threatening and disabling injuires in car to car side impacts - implications for
development of protective systems. Accid Anal Prev. 1993;25:199-205.
Håland Y, Pipkornm B. The protective effect of airbags and padding in side impacts-evaluation by a new subsystem test
method. Paper No 91 S5-O-06. 13th Internat. Technical Conf Experimental Safety Vehicles, Paris, France, 1991.
Hansotia P & Broste SK. The effect of epilepsy or diabetes mellitus on the risk of automobile accidents. N Engl J Med.
1991;324:22-26.
Hansotia P & Broste SK. Epilepsy and traffic safety. Epilepsia. 1993;34:852-858.
Harlan LC, Harlan WR, Parsons E. The economic impact of injuries: A major source of medical costs. Am J Public
Health. 1990;80:453-459.
Harrington DM, McBride RS. Traffic violations by type, age, sex, and marital status. Accid Anal Prev. 1970;2:67-79.
Hauer E. The safety of older persons at intersections. In: Transportation in an Aging Society. Special Report 218.
Washington DC: Transportation Research Board, National Research Council. 1988:194-252.
Hayes WC, Myers ER, Maitland LA, Resnick NM, Lipsitz LA, Greenspan SL. Relative risk for fall severity, body
habitus and bone density in hip fracture among the elderly. Transactions Orthop Res Soc. 1991 ; 16:139.
Hedlund R & Lindgren U. Trauma type, age and gender as determinants of hip fractures. J Orthop Res. 1987;5:242-246.
Hill JR, Mackay GM, Morris AP. Chest and abdominal injuries caused by seat belt loading. Accid Anal Prev.
1994;26:11-26.
Hipp JA, Myers ER, Greenspan SL, Maitland LA, Hecker AT, Hayes WC. Soft tissue thickness and energy absorption
capacity as potential determinant of hip fracture risk. Transactions Orthop Res Soc. 1991; 16:135.
Hogue C. Epidemiology of injury in older age. Proceedings of Second Conference on the Epidemiology of Aging, March
1977. National Institute of Health Publication. 1980:27-138.
Hogue C. Injury in late life: II. Prevention. J Am Geriatr Soc. 1982;30:276-280.
Horsch JD, Lau IV, Viano DC, Andrzejak DV. Mechanism of abdominal injury by steering wheel loading. Proceedings
29th Stapp Car Conference. 1985;851724:69-78.

66

Hoxie RE, Rubenstein LZ. Are older pedestrians allowed enough time to cross intersections safely? J Am Geriatr
Soc. 1994 ;42:241 -244.
Hrubec Z & Nashold BS Jr. Epidemiology of lumbar disc lesions in the military in World War II. Am J Epidemiol.
1975;102:367.
Huelke DF, Moore JL, Öström M. Air bag injuries and occupant protection. J Trauma. 1992;33:894-898.
Johansson K, Lundberg C, Alafuzoff I, Berkowicz A, Bogdanovic N, Druid H, Eriksson A, Jonson J, Kalimo H, Krantz
P, Sandler H, Ståhl E, Viitanen M, Winblad B. Neuropathological findings in elderly drivers killed in traffic crashes.
Neurobiology Aging. 1994; 15:S 145.
Jones AW. Top ten defence challenges among drinking drivers in Sweden. Medicine Science & Law. 1991 ;31:229-238.
Justis EJ, Moore SV, La Velia DG. Woodworking injuries: An epidemiological survey of injuries sustained using
woodwork machinery and hand tools. J Hand Surgery. 1987;12:890-895.
Kallberg VP & Salusjärvi M. Trafiksäkerhetseffekten av gång och cykelvägar. Statens Tekniska Forskningscentral,
EMMA, Report 5, Esbo, Finland. 1982.
Kasteleijn-Nolst Trenié DGA, Riemersma JBJ, Binnie CD, Smith AM, Meinardi H. The influence of subclinical
epileptiform EEG discharges on driving behaviour. Electroencephalography & Clin Neurophysiol. 1987;67:167-170.
Kerwin AJ. Sudden death while driving. Canad Med Ass J. 1984;131:312-314.
Kline DW, Kline TJB, Fozard JL, Kosnik W, Schieber F, Sekuler R. Vision, Aging, and driving: The problems of older
drivers. J Gerontol. 1992;47:P27-34.
Krumholz A, Fischer RS, Lesser RP, Hauser WA. Driving and epilepsy; A review and reappraisal. JAMA.
1991;265:622-626.
Kuroda N, Pounder DJ. Suicide on the roads. J Traffic Med. 1994;23:67-70.
Lange JL & Gerston JC. Driving risk assessment of older drivers with reduced visual acuity. Proceedings 34th meeting
Association Advancement Automotive Medicine. 1990:477-490.
Langley JD. The need to discontinue the use of the term "accident" when referring to unintentional injury events. Accid
Anal Prev. 1988;20:1-8.
Lauritzen JB, Petersen MM. Lund B. Effect of external hip protectors on hip fractures. Lancet. 1993;341:11-13.
Lewis LM & Lasater LC. Frequency, distribution and management of injuries due to an ice storm in a large metropolitan
area. South Med J. 1994;87:174-178.
Li G & Baker S. Alcohol in fatally injured bicyclists. Proceedings 37th meeting Association Advancement Automotive
Medicine. 1993:129-141.
Lindsay R. Sex steroids in the pathogenesis and prevention of osteoporosis. In: Riggs BL, Melton LJ eds. Osteoporosis:
etiology, diagnosis and management. New York: Raven Press, 1988:333-358.
Lucas-Blaustein MJ, Fillip CL, Dungan C, Tune L. Driving in patients with dementia. J Am Geriatr Soc. 1988;36:10871091.
Lucht U. A prospective study of accidental falls and resulting injuries in the home and among elderly people. Acta Sociomed Scand. 1971 ;2:105-120.

67

MacIntyre I, Stevenson JC, Whitehead MI, Wimalawansa SJ, Banks LM, Healy MJR. Calcitonin for prevention of
postmenopausal bone loss. Lancet. 1988; i:900-902.
Mackay GM. Crash protection for older persons. In: Transportation in an Aging Society. Special Report 218. Washington
DC: Transportation Research Board, National Research Council. 1988:158-193.
Mackay GM, Chenk L, Smith M, Parkin S. Restrained front seat car occupant fatalities- the nature and circumstances
of their injuries. Proceedings 34th meeting Association Advancement Automotive Medicine. 1990:139-162.
Maitland LA, Myers ER, Hipp JA, Hayes WC, Greenspan SL. Read my hips: measuring trochanteric soft tissue
thickness. Calcif Tissue Int. 1993;52:85-89.
Maki BE, Holliday PJ, Topper AK. A prospective study of postural balance and risk of falling in an ambulatory and
independent elderly population. J Gerontol. 1994; 49:M72-84.
Mamelle N, Meunier PJ., Netter P. Fluoride and vertebral fractures. Lancet. 1990;ii:242.
Margulec I, Librach G, Schradel M. Epidemiological study of accidents among residents of homes for the aged. J
Gerontol. 1970;24:342-346.
Marine WM, Kerwin EM, Moore EE, Lezotte DC, Baron AE, Grosso MA. Mandatory seat belts: epidemiologic,
financial, and medical rationale from Colorado matched pairs study. J Trauma. 1994;36:96-100.
McCoy GF, Johnston RA, Duthie RB. Injury to the elderly in road traffic accidents. J Trauma. 1989;29:494-497.
Melton LJ & Riggs BL. Risk factors for injury after a fall. Clin Geriatr Med. 1985;1:525-539.
Melton LJ & Riggs BL. Hip fracture: A disease and an accident. In Current Concepts of Bone Fragility. Eds Uhthoff HK
& Stahl E, New York, Springer. 1986:385-389.
Melton LJ, Eddy DM, Johnston CC. Screening for osteoporosis. Ann Intern Med. 1990;112:516-528.
Merrild U & Bak S. An excess of pedestrian injuries in icy conditions: A high risk fracture group, elderly women. Accid
Anal Prev. 1983;15:41-48.
Meunier PJ. Prevention of hip fractures. Am J Med. 1993;95 suppl 5A:75S-78S.
Mills PJ & Hobbs CA. The probability of injury to car occupants in frontal and side impacts. Procèedings 28th Stapp
Car Crash Conference. 1984; 841652:223-235
Mohan D. The vulnerable road user. J Traffic Med. 1990;18:153-155.
Morfitt JM. Falls in old people at home: Intrinsic versus environmental factors in causation. Public Health, London.
1983;97:115-120.
Mortimer RG & Fell JC. Older drivers: Their night fatal crash involvement and risk. Accid Anal Prev. 1989;21:273-282.
Myerburg J & Davies JH. The medical ecology of public safety. I. Sudden death due to coronary heart disease. Am Heart
J. 1964;68:586-595.
Myers AH, Michelson J, Jinnah R. Patients with hip fractures and protective garments. Paper presented at the conference
on Injuries Among the Elderly, a post conference of the First World Conference on Accident and Injury Prevention,
Stockholm, Sweden. Sept 1989.
Nelson RC & Amin MA. Falls in the elderly. Emerg Med Clin North America. 1990;8:309-324.

Nevitt MC & Cummings SR. Hudes E.S. Risk factors for injurious falls: A prospective study. J Gerontol: Med Sci.
1991;46:164-170.
Nevitt MC, Cummings SR. Type of fall and risk of hip and wrist fractures: the study of osteoporotic fractures. The study
of Osteoporotic Fractures Research Group. J Am Geriatr Soc. 1993; 41:1226-1234.
Norman LG. The health of bus drivers. A study in London transport. Lancet. 1958;2:807-812.
OECD- Organisation for Economic Cooperation and Development. Road safety research. A Synthesis. Paris, OECD,
1986.
Official Statistics of Sweden. Causes of Death. Liber, Stockholm; Statistics Sweden, 1990.
Olkkonen S. Health disorders, alcohol and ageing in fatal bicycle injuries. J Traffic Med. 1993;21:29-37.
Olkkonen S, Lahdenranta U, Slatis P, Honkanen R. Bicycle accidents often cause disability - an analysis of medical and
social consequences of nonfatal bicycle accidents. Scand J Soc Med. 1993;21:98-106.
Olsson JA & Skötte L-G. Air bag system for side impact protection. Proc 12th ESV-Conf, Gothenburg, Sweden, 1989:117.
O'Neill D, Neubauer K, Boyle M, Gerrard J, Surmon D, Wilcock GK. Dementia and driving. J Royal Soc Med.
1992;85:199-202.
O'Neill D. Illness and the elderly drivers. J Irish College Physicians & Surgeons. 1993;22:14-26.
Oreskovich MR, Howard JD, Copass MK, Carrico CJ. Geriatric trauma: Injury pattern and outcome. J Trauma.
1984;24:565-572.
Öström M & Eriksson A. Natural death while driving. J Forensic Sci. 1987;32:988-998.
Öström M & Eriksson A. Single-vehicle crashes and alcohol: A retrospective study of passenger car fatalities in Northern
Sweden. Accid Anal Prev. 1993;25:171-176.
Öström M, Björnstig U, Näslund K, Eriksson A. Pedalcycling fatalities in Northern Sweden. Int J Epidemiol.
1993;22:483-488.
Öström M, Thorson J, Eriksson A. Traffic suicides. Manuscript, 1994.
Otte D, Suren EG, Appel H, Nehmzow J. Vehicle parts causing injuries to front-seat car passengers in lateral impact.
Proceedings 28th Stapp Car Crash Conference. 1984:13-24.
Overstall PW, Exton-Smith AN, Imms FJ, Johnson AL. Falls in the elderly related to postural imbalance. BMJ.
1977;1:261-264.
Owen DH. Maintaining posture and avoiding tripping: optical information for detecting and controlling orientation and
locomotion. Clin Geriatr Med. 1985;1:581-599.
Paganini-Hill A, Ross RK, Gerkins VR, Henderson BE, Arthur M, Mack TM. Menopausal estrogen therapy and hip
fractures. Ann Intern Med. 1981;95:28-31.
Pauls J. Safety standards, requirements, and litigation in relation to building use and safety, especially safety from falls
involving stairs. Paper presented at ECPSA workshop on Building and Environmental Safety at the First World
Conference on Accident and Injury Prevention, Stockholm, Sweden. 1989.
Payne SR, Waller JA. Trauma registry and trauma centre biases in injury research. J Trauma. 1989;29:424-429.

69

Peterson BJ & Petty CS. Sudden natural death among automobile drivers. J Forensic Sci. 1962;7:274-285.
Planek TW & Fowler RC. Traffic accident problems and exposure characteristics of the aging driver. J Gerontol.
1971;26:224-230.
Poulstrup A. Prevention of fall accidents among elderly people: A controlled prospective trial. Paper presented at the
conference on Injuries among the Elderly, a post conference of the First World Conference on Accident and Injury
Prevention, Stockholm, Sweden. Sept 1989.
Poulstrup A. Forebyggelse af behandlingskraevende skader opstået efter fald blandt hjemmeboende aeldre. Et
kontrolleret prospekti vt interventionsstudie. (Prevention of treatment-demanding fall injuries among elderly in the home:
a controlled prospective intervention study). PhD Thesis. Odense University, Denmark. 1992. (in Danish )
Pramming S, Thorsteinsson B, Theildgaard A, Pinner EM, Binder C. Cognitive function during hypoglycaemia in type
1 diabetes mellitus. BMJ. 1986;292:647-650.
Prudham D & Evans JG. Factors associated with falls in the elderly: A community study. Age Ageing. 1981;10:141-146.
Ralis ZA, Barker EA, Leslie IJ, Morgan WJ, Ross RC, White SH. Snow and ice fracture in the UK, a preventable
epidemic. Lancet. 1988;12:589-590.
Ray WA, Griffin MR, Schaffner W, Baugh DK, Melton LJ. Psychotropic drug use and the risk of hip fracture. New Engl
J Med. 1987;316:363-369.
Redfern MS & Bloswick D. Preventing slips and fall injuries requires environmental controls. Occup Health Safety.
1987;56:34-42.
Reginster JY, Deriosy R, Denis D, Collette J, Lecart MP, Sarlet N, Ethgen D, Franchimont P. Prevention of
postmenopausal bone loss by tiludronate. Lancet. 1989;ii: 1469-1471.
Retting RA. A review of fatal injuries to pedestrians induced by urban truck crashes. Proceedings 37th meeting
Association Advancement Automotive Medicine. 1993:117-128.
Riggs BL & Melton LJ. Involutional osteoporosis. N Engl J Med. 1986;124:254-261.
Riggs BL, Hodgson SF, O'Fallon WM, Chao EYS, Wahner HW, Muhs JM, Cedei SL, Melton LJ. Effect of fluoride
treatment on fracture rate in postmenopausal women with osteoporosis. N Engl J Med. 1990;322:802-809.
Rice DP, MacKenzie EJ & associates. Cost of Injury in the United States: A report to Congress. San Francisco, CA:
Institute for Health & Aging, University of California and Injury Prevention Centre, The Johns Hopkins University, 1989.
Riley BS, Penoyre S, Bates HJ. Protecting car occupants, pedestrians, and cyclists in accidents involving heavy goods
vehicles by using front underrun bumpers and sideguards. Proceedings 10th International Technical Conference
Experimental Safety Vehicles, Washington DC: US Dept of Transportation, 1985.
Robertson LS. The problem, history and concepts. In: Injury Epidemiology, Ed Robertson LE. Oxford University Press.
1992:3-22.
Rosenbloom S. The mobility needs of the elderly. In: Transportation in an Aging Society. Special report 218.
Washington DC: Transportation Research Board, National Research Council; 1988:21-71.
Ross PD, Davis JW, Vogel JM, Wasnich RD. A critical review of bone mass and the risk of fractures in osteoporosis.
Calcif Tissue Int. 1990;46:149-161.
Ryynänen OP, Kivelä SL, Honkanen R, Laippala P, Saano V. Medications and chronic diseases as risk factors for falling
injuries in the elderly. Scand J Soc Med. 1993;21:264-271.

70

Sattin RW, Lambert Huber DA, DeVito CA, Rodriguez JA, Ros A, Bacchelli S, Stevens JA, Waxweiller RJ. The
incidence of fall injury events among the elderly in a defined population. Am J Epidemiol. 1990;131:1028-1037.
Schlag B. Elderly drivers in Germany - fitness and driving behaviour. Accid Anal Prev. 1993;25:47-55.
Schelin M. Äldre bilförare (Older drivers), Trafiksäkerhetsverket (Swedish Road Safety Office). Rapport 1991:1. (in
Swedish )

Schelp L & Svanström L. One year incidence of home accidents in a rural Swedish municipality. Scand J Soc Med.
1986;14:75-82.
Schelp L & Svanström L. Community intervention and accidents. Epidemiology as a basis for evaluation of community
intervention programme on accidents. Sundbyberg, Sweden: Folksam 1987.
Scialfa CT, Kline DW, Lyman BJ, Kosnik W. Age differences in judgements of vehicle velocity and distance.
Proceedings Human Factors Society 31st meeting. 1987:558-561.
Seeman E. Osteoporosis in men: epidemiology, pathophysiology, and treatment possibilities. Am J Med. 1993;95
(5A):22S-28S.
Sheldon JH. On the natural history of falls in old age. BMJ. 1960;2:1685-1690.
Siegel JH, Mason-Gonzalez, Cushing BM, Dischinger PC, Cornwall III EC, Smialek JE, Heatfield BM, Söderström CA,
Read KM, Robinson RM, Parkinson K, Dailey JT, Hill WJ, Jackson JW, Livingston DJ, Bents FD, Shanker BS. A
prospective study of injury patterns, outcomes and costs of high speed frontal versus lateral motor vehicle crashes.
Proceedings 34th meeting Association Advancement Automotive Medicine. 1990:289-313.
Siegel JH, Manson-Gonzalez S, Dischinger P, Cushing B, Read K, Robinson R, Smialek J, Heatfield B, Hill W, Bents
F. Safety belt restraints and compartment intrusions in frontal and lateral motor vehicle crashes: mechanisms of injuries,
complications, and acute care costs. J Trauma. 1993;34:736-759.
Simoneau GG, Cavanagh PR, Ulbrecht JS, Leibowitz HW, Tyrell RA. The influence of visual factors on fall-related
kinematic variables during stair descent by older women. J GerontokMed Sci. 1991;46:188-195.
Sklar DP, Demarest GB, McFeeley P. Increased pedestrian mortality among the elderly. Am J Emerg Med. 1989;7:387390.
Smith DP, Enderson BL, Kimball IM. Trauma in the elderly: determinants of outcome. South Med J. 1990;83:171-177.
Smeed RJ. Some aspects of pedestrian safety. J Transport Economics Policy. 1968;2:255-279.
Spri Report. Att förebygga olycksfall, Erfarenheter från Skaraborgs län. (Prevention of accidents, experience from
Skaraborgs County). Report no 250, Stockholm. 1988 (in Swedish )
Stapp J. Effects of mechanical force on living tissues. I. Abrupt deceleration and windblast. J Aviation Med. 26:268-287,
1955.
States JD, Annechiarico RP, Good RG, Lieou J, Andrews M, Cushman L, Ingersoll G. A time comparison study of the
New York State safety belt use law utilizing hospital admission and police accident report information. Accid Anal Prev.
1990;22:509-521.
Statistics Sweden, Traffic Injuries 1991. Official Statistics of Sweden 1992, Stockholm, 1992.
Statistical Yearbook of Sweden 1993. Published by Statistics Sweden, Stockholm 1992

71

Stutts JC, Williamson JE, Whitley T, Sheldon FC. Bicycle accidents and injuries: A pilot study comparing hospital- and
police-reported data. Accid Anal Prev. 1990;22:67-78.
Svanström L. Falls on stairs: an epidemiological accident study. Scand J Soc Med. 1974;2:113-120.
Svanström L, Schelp L, Skjönberg G. The establishment of a national safety promotion programme for prevention of
accidents and injuries- the first Swedish 'Health For AH'- programme implemented in practice. Health Promotion.
1989;4:343-347.
Swedish Road Safety Office. Official Statistics 1985.
Swedish Official Statistics. Swedish Travel Patterns. Statistiska meddelanden T 11 SM 807. Stockholm: Statistics
Sweden; 1987.
Teanby DN & Gorman DF. Pedestrian accidents on Merseyside: the case for criminalization of jaywalking. Injury.
1993;24:10-12.
Thompson RS, Rivara FP, Thompson DC. A case control study of the effectiveness of bicycle safety helmets. N Engl
J Med. 1989;320:1361-1367.
Tinetti ME. Factors associated with serious injury during falls by ambulatory nursing home residents. J Am Geriatr Soc.
1987;35:644-648.
Tinetti ME, Ginter SF. Identifying mobility dysfunctions in elderly patients: standard neuromuscular examination or
direct assessment? JAMA. 1988;259:1190-1193.
Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons living in the community. N Engl J Med.
1988;319:1701-1707.
Tiret L, Garros B, Maurette P, Nicaud V, Thicoipe M, Hatton F, Erny P. Incidence, causes and severity of injuries in
Aquitaine, France: A community-based study of hospital admissions and deaths. Am J Public Health. 1989;79:316-321.
Van Zomeren AH, Brouwer WH, Minderhoud JM. Acquired brain damage and driving: a review. Arch Phys Med Rehab.
1987;68:697-705.
Verhaegen PK, Toebat KL, Delbeke LL. Safety of older drivers. A study of their over-involvement ratio. Proceedings
32nd meeting Association Advancement Automotive Medicine. 1988:185-188.
Viano DC, Culver CC, Evans L, Frick M. Involvement of older drivers in multivehicle side-impact crashes. Accid Anal
Prev. 1990;22:177-188.
Vilhelmson B. Äldres resvanor. TFB-rapport. Stockholm. 1989:10 (in Swedish)
W aller JA. Chronic medical conditions and traffic safety, review of the California experience. N Engl J Med.
1965;81:591-597.
Waller JA. Cardiovascular disease, aging, and traffic accidents. J Chron Dis. 1967;20:615-620.
Waller JA & Goo JT. Highway and citation patterns and chronic conditions. J Safety Res. 1969; 1:13-27.
Waller JA. Factors associated with crash responsibility and alcohol in fatal highway crashes. Quart J Stud Alcohol.
1972;33:160-170.
Waller PF, House EG, Stewart JR. Analysis of accidents by age. Presented at the annual meeting of the Transportation
Research Board, Washington DC, January 1977.

72

Waller JA. Falls among the elderly: Human and environmental factors. Accid Anal Prev. 1978;10:21-33.
Waller PF. Preventing injury to the elderly. In Aging and Public Health. Ed: Phillips HT, Gaylord SA. Springer Pub Co,
New York. 1985:103-146.
Waller JA. Methodologie issues in hospital-based injury research. J Trauma. 1988;28:1632-1636.
Waller PF. Renewal licensing of older drivers. Transportation in an Aging Society, Improving Mobility and Safety for
Older Persons. Transportation Research Board, National Research Council. Washington DC. 1988:72-100.
Waller JA. Injuries to carpenters. J Occup Med. 1989;31:687-692.
Waller PF. The older driver. Human Factors. 1991;33:499-505.
Waller JA. Health status and motor vehicle crashes. N Engl J Med. 1991;324:54-55.
W aller JA. Research and other issues concerning effects of medical conditions on elderly drivers. Human Factors.
1992;34:3-15.
W aller PF, Trobe JD, Olson PL. Crash characteristics associated with early Alzheimer's disease. Proceedings 37th
meeting Association Advancement Automotive Medicine. 1993:157-172.
Warner C, Strothers C, Allsop D, Wenger K. Complexity of airbag use in side impacts. Paper No. 91-S5-O-08. 13th Inti
Technical Conf Experimental Safety Vehicles, Paris, France, 1991.
Waterstone JA. Falls in the elderly - future strategies. J Royal Soc Med. 1991;84:189-190.
Weingarten MS, Wainwright ST, Sacchetti AD. Trauma and aging effects on hospital costs and length of stay. Ann
EmergM ed. 1988;17:33-37.
West I, Nielson GL, Gilmore AE, Ryan JR. Natural death at the wheel. JAMA. 1968;205:68-73.
Whipple RH, Wolfson LI, Amerman PM. The relationship of knee and ankle weakness to falls in nursing home residents:
An isokinetic study. J Am Geriatr Soc. 1987;35:13-20.
WHO. International classification of diseases. 1975 revision. Geneva 1977.
Wiener EL. The elderly pedestrian: response to an enforcement campaign. Traffic Safety Research Review. 1968; 11:100110.
Wild D, Nayak USL, Isaacs B. Prognosis of falls in old people at home. J Epidemiol & Comm Health. 1981 ;35:200-204.
Williams AF & Carsten O. Driver age and crash involvement. Am J Public Health. 1989;79:326-327.
Wong TW. Road traffic accidents in the elderly - a major cause of morbidity and mortality. Ann Acad Med (Singapore).
1987;10:101-105.
Wright PH & Robertson LS. Priorities for roadside hazard modification: A study of 300 fatal roadside object crashes.
Traffic Engineering. 1976;46:24
Wyss D, Rivier L, Gujer HR, Paccaud F, Magnenat P, Yersin B. Characteristics of 167 consecutive traffic accident
victims with special reference to alcohol intoxication: A prospective emergency room study. Soz Prevent Med.
1990;35:108-116.
Yanik AJ. What accident data reveal about elderly drivers. SAE paper 851688. Warrendale, PA: Society Automotive
Engineers. 1986:159-164.

73

Yip YB, Cummings RG. The association between medications and falls in Australian nursing-home residents. Med J Aus.
1994;160:8-14.
Ysander L. The safety of drivers with chronic disease. Br J Industrial Med. 1966;23:28-36.
Zador PL & Ciccone MA. Automobile driver fatalities in frontal impacts: airbags compared with manual belts. Am J
Public Health. 1993;83:661-666.
Zaidel DM & Hocherman I. License renewal for older drivers: The effects of medical and vision tests. J Safety Res.
1986;17:111-116.
Zylke JW. Research focuses not only on where, why, how of falls, but also on preventing them. JAMA. 1990;263:20222023.

