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Two=wheeled vehicles previde a cheap means of transport and their ust can be an attvactive

torm of aport and rocreation.

These are probably some of the ressons why thelr numbérs have
peen increasing in many countries over the last ten or twenty ycars.

The pregent energy

situation makes it reasonable to believe that this trend will continue over the next decades,
Compared with cars, two-wheelers are inheérently unstable and provide little protection for their

riders in case of an aceidont.
from the point of view of injury prevention.

This calls for special attention to this group of road users
Avcident stetistics suppeort this view,

In recent years an increase in two-wheeler accidents has beeh reported from several parts

of the world.

At present in some countriés more than one-third of all traffic deaths are found

among users of two-wheeled vehicles, with a large proportion of bicycle and moped deaths.

Among bicyele fatalities 30-50 per cent are below the age of 20 and 20-30 per cent are

potween 10 and 14 years of age.
dreaths,

Older cyclists are a2lsoc heavily represented among bicycle
A similar pattern is 5een in moped riders.

For motorcyele drivers and passengers

fatalizies are highly concentrated in the younger age groups, with 30~70 per cent between 15 and

25 years of age.

Legal aspects

Legislation concerning two-wheelers varies considerably from one country to another. In
general no licence is required for cyelists although some countries have prescribed a2 minimum

ape for cycling on publie roads,

In apme gountries the carryving of passengers is dependent on

the age of the rider hut most countries permit child passengers to be carvied although some

regquire suitable cquipment to be fitted for this.

For driving motoreycles most countries require a licence.
vompulsory for both drivers and passengers in many couhtries.
foot rests there seem to be few restrictions regarding the garrying of passengers.

Wearing of crash helmets is
Apart from a passenger seat and
Matoroyales

are usually subject to the same specd limits and priority rules as molorcars.
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Mopeds in many respects form a group between bicycles and motorcycles and the definition of
a moped varies considerably from country to country. It is usually a two-wheeled vehicle
fitted with a moter whose construction is such that it cannot exceed a given speed.  This
spood, however, varies a great deal. Some countries require mopeds to be fitted with podals
for propulsion, A driving licence is required in a few gountries but is then valid for mopeds
only, The minimun authorized sge for moped users varies from 14 to 16 years. A passengor way
wenerally be carried provided the meped is fitted with 3 passenger seat and foot rests. Some
countries reguire both driver and passenger to wear a crash helmet,

Each type of two-wheeler covers a wide range of vehicles with regard to wheel size, frame
design, engine capaclty for motorcycles and number of speeds for bicyeles, etc. In addition

thero are some categories of motorized vehicles which do not fit inte this general pattern.

Tronds in two=wheeler accldents

The problem of two-wheeler accident and casualty risk is difficult to describe in a global
perspective mainly because exposure data are often lacking and urgently needed. However, thore
are indications that the risk of accidents with czsualtics is congiderably higher for mopeds and
motorcycles than tt is for cars. The bicycle risk is possibly somewhat lower but 8till higher
than that for cars.

The charscteristics of accidents with two-wheelers have been described in a humber of

atudies devoted to a detailed analysiz of two-wheeler accident statistics. in-depth studies
have alao been performed in some places, It is difficult to compare the results from di fferont
gountries hecause the traffic mix and travelling patterns are different, Zome useful

information can, hewever, be extracted concerning the most common vehicle movements in the most
Irequent accident types for two-wheelérs in the countries of study:

- the two=-wheeler and the other vehicle carry straight on, but intersect each
other's paths;

- one vehicle turns left, while the other eomes from the opposito direction:
- one vehigle turns left, while the other comes from the left:

- on the right-hand sid¢ of a straight road a two-wheelér has a single-vehicle
accident.

The greatest number of two-wheeler accidents seem to ooour in urban areas where the traffic
density i3 far higher than in rural asreas, the speed of treffic is much lower than in rural
areas, and the traffic picture is more complex. The intersection accidents are more serious
compared to accidents ocourring on street sections, Heavy traffic volumes and lack of space
{for evasive mangeuvres arg some characteristics which may influence these accidents.

Two-wheeled vehicles are belioved to be very gsengitive to bad road conditions such us loose
muterinls, holes, studs, horizontal markings and drain covers., However, the vast mejority of
accidents seem to occocur when the two-wheeler has boen in a stable gcondition in the pre-crash
phase. In rural areag the number of aceidents are relatively lower, usually involving a car
or a laorry, and the severity of these accidents is relatively higher compared to accidents
ogourring in urban areas,

Injury pnatterng

To a great extent the injury patterns are similar for all thiee main types of two-whoelers.
The explanation for this is probably that the majerity of accidents occur at relatively low
speed and often invelve a eallision with another vehicle. In general this implies that the
most freguently injured segments of the body are the extremitles and the head. The riders of
tha slower bicycles and mopeds tend to have a slightly higher frequency of injuries to the upper
extremity than the riders of motorcycles, But the lower extremity is more freguently injured
in bath groupa, The explanation for the high freguency of lower limb injury probably is that
the log is often squeezed hetwsen the rider’'s cwn vehiele and the striking vehicle or the ground.
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These injuries can be guite severe but are not often life threatening, The lesding causes of
death in two-wheeler accidents are: among pedal cyclists injuries te the head, and among motor-
cyolists injuries to the head and chest, Seriouf abdomingl injuries are sometimes seen in
children after bicyele accidents, These injuries oceur when the ¢hild falls against the free
end of the handlebar, Qther spft-tissue injuries seen in riders of two-wheeled vehicles are
caused by protruding objects on the motoreycle, on the ather vehiecla or on the ground.

The most serious injuries are usually seen in accidents which involve the highest rate of
change in the velgoity of the rider. Most accidents in rural areas fall within this category.
In urban aress the most serious accidents are those where there is a significant change in the
trajoectory of the rider, This happens when the two=wheeler collides with another vehicle or a
stationary abject largpe enough to change the path of travel of the rider. If onn the other hand
the chject is low enough for the rider to pass over it the trajectory will not change
significantly, but the rider will usually continue in his eriginzl direction until he hits the

ground, or some other object, a2t some distance from the site of the ecollision, This distance
is detormined mainly by his original speed and is longer for motorgycle riders than it is for
moped riders and cyelists, Wnile alrborne the rider may tumble and therofore it iz not

possible to predict his attitude st impact with the ground.

injury protection

Compared with occupants of other vehicles riders of two-wheeled vehicles mre virtually
unprotected in the event of an accident. In trying to reduce casualties for this group of road
users the pedal oyele remains a particular problem, since changes in vehiole design to provide
protection would tend to inercase thée welght to an unacceptable level. For mopeds and motor-
cycles this restriction is not so evident and some studies have been performed on the possibility
of reducing the risk of injury ito their riders by changes in vehicle deosign, The elimination of
protruding detalls which can cause injury and the development of efficient roll bars are the most
Fignificant attempts in thls direction. For all three classes of riders ipmprovements in
acceptable protective clothing would also help reduce the number and severity of injuries,

Crash nelmets

The most important item of equipment for redusing the severity of two-wheeler accidents is,

without doubt, the crash helmet. To date the use of helmets has only been seriously considered
for motorceycle and wmoped riders, However, som¢ work has been done on the development of =
cyelist helmet. The main factor here is that the cyclist requires very nearly the same

protection as the motoreyclist bécause the head lmpact situations are guite similar.

Several studies have been performed about the effectiveness of crash helmets, These are
difficult to compare not only because of the differences in exposure data but also because the
design of the helmets has been changed over the years, In early helmets only the top of the
nead was covered by a rigid shell. Later the ahell was extended over the sides of the head and
& shock-ahsorbing liner was introduced. Recently the full face integral helmet has bocome very
popular. This development represents an extenszion of the protection to cover more and more of
the head and face of the wearer and also in improvement of the shock-absorbing capacity of the
helmet .

Frem the literature one can conclude that when using a helmet the risk of Sustaining a head
injury is reduced on aveérasge by 30 per cent and the risk of being killed 1s often reduced by
40 per cent. The type of severe head injury seen in two-wheeler aceidents has changed character
by the introduction of the crash helmet, Earlier cne could often see mn open linecar or depressed
[racture of the forehcad under g severcly lacerated scalp, often smeared with dirt from the road
and with rather locallzed brain damage. The fractures are nowadays more often localized at the
base of the skull, the brain damage more diffuse and lacerations less freguently Seen in the
sealp.

It secms reasonable to believe that crash helmets prevent laceration of the scalp to a great
vxtent, They can also prevent skull fractures and brain damage in a number of impact situations,
In the more severs accident situations the helmets are prubably less effective, and special
attention should he given to the latceral impacts common in intersection eollisions. Data from
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aome gtudies indicate that while injuries of all severities are more frequent in frontal impacts,
injuries of higher severities dominate in the leteral impact situation, impacts to the rear and
to the tap of the helmet =zeem to be quite rare.

Another aspect which has not been discussed very much until rocently is what actually happens
at head impact. For & long time 1t has been taken for granted that the head usually impact=
perpendicularly into the other vehicle or to the ground and is conseéquently subjected to lincar
acceleration. Standard test methods used in approval tests simulate this situetion and the
requl rements glso apply to this kind of impact. The high frequency of intersection cellisions
and the fact that the rider i3 often thrown some distance before his impact with the ground
indicate that many head impacts may well be obligue rather than perpendicular and may therefore
induce angular as woll as linear accelerations to the rider's head. Regearch in this direction
is in progress in some countries, As a result of angular head ageelerations one would expect
tearing of the bridging veins and more diffuse brain lesions.

The extension of the protection offered by the helmet to the sides of the head as in the
so=called jet type helmets seems to be a desirable development, as is also the further development

sten in the full face helmets. There are, however, sido effects from this which have to be taken
into consideration, such as the increased weight, the hearing loss which occurs when the ears are
covered and the possible build=-up of carbon dioxlde inside a full face helmet, Howoveor,

compared to the benefits in the reduction of injury severity which follew from the wuse of crash
helmets the possible side effects gre small, and s number of studies are in progress to selve
thaze preblems and to lmprove the effectiveness of crash helmets.

Wearing of leather clothing can obvieusly reduce the risk of superficial soft-iimsue injury
which can otherwlse be oxtensive, Leather clethes alsc seem to reduce the tendency of the body
to tumble and give it a smoother motion when it slides over the road surface during an accident,
The wearing of leather boots can to some oxtent protect the lower legs and feet and should thoro-
fore be encouraged.

Concluding romarks

Exposure and accldent data on two-wheelers are largely missing and urgently needed.
Hospital data on injury patterns and injury severity together with accident data on vehigle and
rider trajecteries are necded for a better understanding of the biomechanics of theac accidents,

For the prevention of accidents improvements are needed in driver behavicur and
consplculty.

Changes on the exterlior of motor vehicles will eventually lesad to a reduction of injury
awverity especially on the lower extremity of riders of two-wheeled vehicles.

‘The most important item of ¢quipment for injury préevention is without doubt the crash helmet.
Wearing of leather clothing and sturdy boots will elso help to reduce the overall injury sevearity.




