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6.2.2. Accident studies

This paragraph provides a review of the information in the literature on
injuries, the type of contact surface and whether the helmet stayed on
during accidents. Some of this information derives from in-depth accident
studies. The information provides a general insight into the protection
which helmets must provide and the problems which can arise with this. The
description has been sub-divided into a description of the injuries, the

type of contact surface and whether the helmet came off in an accident.

1. Cyclists

A. Injuries

The foreign literature shows a wide range of injury classifications among
injured cyclists. Differences in registration procedures, definitions and

the severity of the injuries studied are obvious reasons for this.

Technisearch (1981) provides a review of the classification of injuries
of 21,265 American cyclists admitted to hospital. This shows that head
injuries are the most common type (36%), followed by injuries to legs
(29%) and arms.

Walz et al. (1982) observed in 134 in-depth, at the scene accident studies
with 99 cyclists that 51 of these victims suffered head injuries. The
researchers defined a number of injury severity categories: admission to
hospital, first-aid treatment and treatment by a general practitioner
(GP). They found that the percentage of victims with head injuries rises
with the severity of injury. GP treatment 27%, first aid 50% and hospital

admission 79%.

Alruz et al. (1986) list the injury categories observed in the in-depth
accident study in Hannover: 86% of all cyclists injured suffered head

injuries, while 74% had injuries to lower limbs.

Huijbers (1984) surveys injuries to cyclists admitted to hospital in the
Netherlands . Thls survey shows that head injuries predominate among
cyclists (51%), followed by leg injuries (24%). The percentage of moped

riders with head injuries was significantly lower (36%) -
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7. COMPLIANCE WITH STATUTORY OBLIGATIONS

Compliance with the statutory obligation for riders of two-wheeled ve-
hicles to wear helmets is described in par. 7.1. As it is not compulsory
for cyclists to wear helmets in any EC country, this section will con-

centrate on riders of motorized two-wheeled vehicles.

Dutch law also provides that helmets must be properly fastened on the
head. There was no information on this point in the other EC countries.
The SWOV conducted a study into this area in the Netherlands. The report

is contained in par. 7.2.

The above SWOV study also devoted consideration to the condition of the
helmets involved in the investigation. A brief review of this will be

given in par. 7.3.

7.1. Wearing of helmets

Despite the fact that it is compulsory to wear helmets for most of the
categories, it can be said that the law is not always obeyed.

Compliance with the statutory obligation to wear a helmet is shown in
Table 2.

Compliance is 100% in Belgium, the Netherlands, Britain and FRG (with the
exception of the MOFA, 98%). In Denmark, 99% of motor cyclists and 85% of
moped riders wear helmets. In France, compliance among motor cyclists is
98% and among moped riders 88%.

No information is available on compliance in other EC countries.

7.2. The use of the retention system

In literature high numbers of helmets that came off during accidents are
reported . Percentages range from 7 to 36%: e.g. Pedder et al. (1979),
White (1980), Otte (1980). Because only a part of these cases could be
explained by (mechanical) failure of the retention systems of the helmets
a survey of the use of these systems by moped riders and motor cyclists
was undertaken in The Netherlands (Huijbers et al., 1985, 1987, 1988b) .
For a careful inspection of the use of the retention system the motorized

two-wheel rider had to be stopped. More than 1000 moped riders and 1000
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8. SURVEY OF HEILMET REQUIREMENTS

Helmets that are to be worn in traffic have to meet a certain standard.
This standard prescribes the minimum criteria as well as the test methods
to determine these criteria. National legislation regulates the standard

applied in individual countries.

In theory the following aspects should be taken into consideration when

determining the standard for the helmet:

- The type, place and impact to the head in accidents.

- Head-injury criteria with respect to the target group of helmet wearers.
- Aspects dealing with ergonomics and comfort.

However, the literature mentions a number of limitations to this

theoretical approach; for example, objections to the principle criterion

in current use for head injuries: HIC (See par. 10.1).

In consultations on helmet criteria, technical and financial aspects, as

well as constraints to trade, also play a role.

Many years ago, standards were prescribed for helﬁets for the users of
motorized two-wheeled vehicles. This is not the case for the cyclist’s
helmet.

The helmet standard for the users of motorized two-wheeled vehicles will

be discussed first in this section.

A survey will be made of the principle requirements incorporated in
current standards.

In most European countries the ECE 22 regulation is applied to the helmets
of users of motorized two-wheeled vehicles (ECE, 1988) . The British
national standard, BS 6658 (BSI, 1985) will be used to illustrate national

standards.

At the request of the Commission of the European Communities, a Technical
Committee (TC 158; 'Protective helmets') of the European Committee for
Standardisation (CEN) is presently determining helmet standards.
Activities have been divided into four groups, each group determining
requirements for either industrial safety helmets, vehicle users’ helmets,
fire fighters' helmets or pedal cycle helmets. As grounds for discussion,
the groups will be using the existing package of requirements. The work

for the groups is still in the preparatory stage.
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BS 6658:
A headform with a fixed mass of 5 kg is tested for all sizes. The mass of
the headform (without helmet) is 5 kg.

Number of impacts: 2 on each side of the 3 sites.

Maximum delay of 300 g. No time limit is fixed.

Impact test survey (BS and ECE)

Impact Anvil Impact velocity (m/s)
BS ECE
Type A Type B
lst flat 7.5 6.5 7.0
hemisph. 7.0 6.0 6.0
2nd flat 5.3 4.6 -
hemisph. 5.0 4.3 -

E. Resistance to penetration test

ECE 22:

The helmet is subjected to a penetration test at two points. These points
are at a minimum of 75 mm from the areas of impact.

The mass of the punch is 0.3 kg +/- 10 g. The angle of cone forming the
punch head 60} +/- 1}.

The radius of the rounded top of punch head: 0.5 mm.

The mass of the drop hammer: 3 kg +/- 25 g.

The height of fall: 1 m +/- 0.005 m.

The criterion: during the test, the head of the punch shall not come

closer than 5 mm, measured vertically, to the headform.

BS 6658

The mass of the drop hammer is 3 kg. Fall height is greater than for ECE
22: 3 m for Type A and 2 m for Type B. The criterion also differs from ECE
22: the striker shall not make contact with the test block at any point on
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J. Information for wearers

ECE 22:

Every protected helmet offered for sale shall bear a clearly visible label
with the following inscription in the national language, or in at least
one of the national languages, of the country in which it is offered for
sale:

'For adequate protection, this helmet must fit closely and be securely
attached. Any helmet that has sustained a violent blow should be

replaced’.

Additionally, where hydrocarbons, cleaning fluids, paints, transfers or
other extraneous additions affect the shell material adversely, a separate
and specific warning shall be emphasized in the above label, worded as
follows:

'Warning. Do not apply paint, stickers, petrol or other solvents to this
helmet’.

Every protective helmet shall be clearly marked with its mass to the

nearest 50 grammes and with its size.

BS 6658:

In common with the ECE, BS 6658 stipulates that every helmet offered for
sale must contain the following information:

A recommendation to fasten the helmet properly when in use; replacement of
the helmet after an accident; not to make changes to the helmet; fasten
chin strap properly under jaw; use no chin guard.

It is recommended that only cleaning fluids produced by the manufacturer
should be used.

In the case of a quick fastener, the method of use must also be indicated.
Helmets with a thermoplastic outer shell must contain a separate label

with the warning 'do not paint or apply solvents’.

K. Included in BSI but not in ECE:

Solvent conditioning

The helmet is smeared with a mixture of ’‘iso-octane and any grade of
toluene’ in a 50:50 ratio (minimum of 5 sec). No further conditioning or

testing during the following 30 min.
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9.1. Motorized two-wheeled vehicle riders

9.1.1. Studies carried out in EC countries

Federal Republic of Germany

Langwieder (1977

In this study, a cost-benefit analysis was drawn up on helmet-wearing in
the FRG. For the period July 1976-July 1981, the main costs involved in
wearing a helmet were collated. E.g: the purchase of a helmet (written off
in 5 years), the cost of new helmets in this period as well as replacement
of used helmets and the replacement of visors by integral helmets.

The total costs amounted to between DM 118.5 - 880.1 million. The
effectiveness of wearing a helmet was fixed at 25% and the number of head
injuries 70% of the fatal injuries, 100%. On this basis, calculations
showed a saving of 147 fatalities, 2206 serious injuries and 4408 minor
injuries.

The cost of a fatality was calculated at 500,000 DM, a serious injury at
66,000 DM and a minor injury at 5,000 DM. These costs are taken from Jager
et al., 1977.

However not all injuries are prevented by wearing a helmet. Thus
fatalities become seriously injured and seriously injured, slightly
injured etc. Savings are then made from 500,000 DM to 66,000 DM, thus
434,000 DM etc. The yields per year are calculated at between 147.7 and
220.4 million DM.

Calculations were also made on the minimal effectiveness of a helmet in

order to break even. The percentage arrive at was then 13 .6% minimum.

Léffelholz et al. (1977)

This report makes mention of a shift from contusions to concussions in
sustaining injury when wearing a helmet. Contusions are far more serious
and are often the cause of more severe and permanent consequences. The
report surveys the effects of wearing a helmet, using various sources/-

studies (N=21). Reductions are around 10 -50%.
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The result was: 'the risks of being killed on public roads were decreased

by 40% if a helmet was worn, while head injuries decreased by 30%.

Passies (1986

A more recent study in the Netherlands was carried out by Passies at a
regional level.

The effect of wearing a helmet on the number of injured was for the most
part limited to hospital cases, as in the SWOV study. This study examined
the effect of compulsory helmet use on a number of casualties receiving
outpatients’ care at the University Hospital in Groningen. The group, moped
riders, was compared with bicycle casualties. The major finding was the
fact that the number of moped riders had greatly decreased in the period
1970-1979, the average annual kilometre distances had decreased by 1975 and
thereafter slightly increased.

The number of cases of moped rider casualties treated at the University
Hospital in Groningen in this period had decreased, while the number of
cyclists treated had increased. In order to reduce the effect on this

trend of the shift in usage of bicycles and mopeds, only the percentage

of head injuries was examined for each category. It was also found that in
this period the age range of the victims had changed: lower for moped
riders, higher for cyclists. As this fact could effect head injuries -
older people are relatively more prone to head injuries - the effects per

age group were examined.

In the first half of the period 1970-1979, the percentage of moped rider
casualties with head injuries was higher than bicycle casualties: of the
moped riders, 36.5% suffered head injuries compared to 31.8% cyclists. In
1975, when compulsory helmet use was introduced, a sudden decrease of head

injuries for moped riders is noticeable.

Moreover, after 1975, head injuries among moped riders were considerably
less when compared to the period 1970-74. At the same time the percentage

of head injuries among cyclists increased somewhat.

After this period, 36.8% of bicycle casualties and 27 .6% of moped rider
casualties suffered head injuries. An examination of age groups
demonstrates that this decrease cannot be attributed to the difference in

age.









depth study commissioned by the NHTSA and carried out by the University of
South California are also included in the NTSA report.

During the period of compulsory helmet wearing, observations showed that
helmets were worn by 95-100% of riders, while voluntary helmet wearing
produced percentages of 50-60%.

The lowest percentage of helmet wearing was found among young people,
'resulting from their failure to appreciate the potential consequences of
not wearing a helmet’. In view of the long-term effects, special attention
is paid to this group.

The familiar picture of the decrease in the number of fatalities per

10,000 motor cyclists in the USA is shown in Figure 4.

The most important arguments against wearing a helmet are: Helmets are not
effective, helmets cause neck injuries, helmets cause accidents due to

inadequate vision.

Neck injurjes with respect to wearing a helmet are only found sporadically
among motorcycle casualties: 2% could be said to have sustained such

injuries (Hurt, 1979; Newman, 1974).

Wearing a helmet reduces the field of vision. The NHTSA has carried out a
study on this subject (Gordon et al., 1975). A diminished field of vision
was the subject of study among 19 experienced motor cyclists. The study

concluded that the integral helmet diminished the field of vision by less

than 3% in the horizontal plane.

Henderson 1975

The motorcycle rider is exposed to a great many sources of noise: the

engine, wind, the noise volume that can penetrate to him will be little
affected by the helmet. As a helmet is far more aerodynamic than a normal
head, which experiences a variety of rotations and boundary release

problems, which the wearing of a helmet only reduces.

The effect of wearing a helmet. ’'Head injury rate for helmeted riders =

head injuries to helmet riders *1000/all helmeted riders in crashes’.
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Safety helmet use caused no attenuation of critical traffic sounds and no

limitation of pre-crash visual field; no element of accident causation was
related to the safety helmet.

Four cases (out of 899) of 'minor’' (AIS=< 1) injuries were attributable to
the safety helmet, but each was associated with helmet protection from

severe to fatal head injury’.

Muller (1980)

According to Muller, the repeal of the compulsory helmet law in various
American states was not based on a cost-benefit analysis. ‘At least $61
million could have been saved if all motor cyclists had worn a helmet. It
is estimated that helmet law repeals may produce annually between $16-18
million unnecessary medical costs. This sum does not take into account

the value of pain or lives lost’.

McSwain et al. (1984

As well as describing the events following the repeal of the helmet law in
the United States, this report also gives a survey of the results from a
number of states.

Colorado: 'In less than a year after the helmet law repeal, the fatal
crash rate increased by 66% and the injury rate by 17%’.

Comparisons were made of the injuries sustained between helmeted and non-
helmeted riders. This method of comparison demonstrates that if a helmet
is worn, less severe injuries do not include head injuries and do not lead
to hospitalization.

These cases were not recorded and were not included in the comparison.

'The rate of occurrence of head injuries for riders not wearing helmets
was 228.7 per 1,000 riders, 3.6 times greater than the rate of 64.1
computed for helmeted riders. The rate for most severe injury occurring to
the neck was slightly less for riders not wearing helmets; however, these

findings were based on very few observations'.

'With respect to upper body injuries, non-helmeted riders showed an
overwhelming tendency for most severe injury to the head; thus the
opportunity for the neck and face to receive the most severe injury was
greatly reduced. A review of the data when the three most severe injuries

are combined, shows that the injury rates for three body locations - head,
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neck and face - were all higher for the non-helmeted riders: 369.4
injuries/1,000 non-helmeted riders to 129.1 injuries for riders wearing a
helmet.

The rate of occurrence of AIS 6 for non-helmeted riders was 23.5 or 2.8
times greater than the rate of 8.5 injuries/1,000 involvements for
helmeted riders’.

Similar results were found by the other states.

In the Kansas study, attention was given to the financial consequences.
'There was a significant difference in the days of disability of the
helmeted riders versus those without a helmet. The mean hospital costs for
non-helmeted riders were nearly twice as high than for helmeted riders’.
The study arrived at the following final conclusion: 'Helmet usage is
significantly less where use is not mandatory. Helmets significantly
decrease head injury, death and disability. The costs of medical care for
a non-helmeted rider is twice that of a helmeted rider. The amount of
permanent disability is significantly increased when helmets are not

worn'.

Kansas expressed the outcome of the study as follows:

'The pattern is clear. The impact of the Kansas motorcycle helmet law has
been extremely costly in terms of debilitating injuries, deaths and
financial burdens. If personal freedom is the issue here, and debatable,
the people of the state of Kansas are paying a high price for this
particular study in terms of financial assistance and loss of life and
limb’.

Evans et al. (1987)

To calculate the effect, use was made of the 'double pair comparison
method’, applying it to Fatal Accident Report System (FARS) data in the
period 1975-1984. The selected accidents involved cases in which either
the motorcyclist or the passenger was killed. Accidents were selected in
order to eliminate any distortion from variables, as follows: male
riders, while the age difference between rider and passenge® “as not to
exceed three years. The effectiveness of the helmet in preventing fatal
injury comes to 27% (+/- 9%) for both men and women, riders and passengers
alike. For the year 1985, of the 4000 fatalities among motorcyclists in
the USA, less than half wore helmets at the time of accident.

The report'’s final conclusion was that ’'the estimated increase in rider

fatalities from repeal is 19%'.
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Goldstein (1986)

In this study which made use of a multi-variate analysis technique, it
was found that wearing a helmet did not significantly influence the risk
of death. The conclusion reached by Evans et al. (1987) is as follows:
‘the frailty of multi-variate analysis, using ten or so variables,
especially if they are selected after examining the data, the different
choices of variable, transformations, etc. can often generate just about

any conclusion’.

Evans et al, (1988

In this more recent study, FARS data covering a longer period were used.
The effectiveness of the helmet is expressed in terms of reducing the
risks of sustaining a fatal injury and is set as (28 +/= 8)%, while the

'estimated increase in rider fatalities from repeal is 20%'.

Wilson (1989)

Based on FARS data from 1982 through 1987, motorcycle helmets are
estimated to be 29% effective in preventing fatalities. A matched-pair
technique was used to produce the effectiveness estimates of motorcycle
helmets by comparing the probability of fatalities of drivers and
passengers under helmeted and non-helmeted conditions. The general
methodology employed in this analysis has been utilised in numerous
reports to estimate the effectiveness of various restraint systems, for

example, Evans et al. (1988).

The FARS data from the NHTSA, show that helmets are estimated to be 27%
effective in preventing driver fatalities and 30% effective in preventing
passenger fatalities in crashes in which both a motorcyclist and passenger
were involved. On average, helmets are effective in reducing fatalities in
motorcycle crashes. For the years 1982 through 1987, it is estimated that
4,645 motorcyclists’ lives were saved as a result of helmet usage. In
total, if all motorcyclists had worn helmets, both drivers and passengers,
an estimated 9,030 lives could have been saved over this six-year period.
In the matched-pairs method, the ratio of driver fatalities to passenger
fatalities, and passenger fatalities to driver fatalities are calculated
for each of four possible helmet use groups. This matched-pairs method
assumes that the only factor causing the reduction in fatalities in these

fatal crashes is helmet usage. Another possible shortcoming of the









- 60 -

Three types of helmet are in use by motorized two-wheeled vehicle riders
(Section 5): the partial coverage helmet, jet helmet and the integral
helmet . The partial coverage helmet is hardly ever used nowadays (Huijbers
et al., 1985).

The three types are also available for cyclists, especially the partial
coverage helmet. A variation of the partial coverage helmet is the
'hairnet’ popular among professional cyclists (Dorsch et al., 1984) or the
banana helmet (Spolander, 1982).

There is very little difference in construction between helmets for moped
riders and those for motorcyclists. This is not the case, however, for
cycling helmets. Sometimes the protective padding is missing and is
replaced either by a band system or nothing. The helmet will then consist

only of an outer shell and a ’'comfort’ padding.

Most reports assume that in wearing a helmet, the cyclist limits the
extent and severity of any head injuries, and, in view of the great number
of head injuries sustained by cyclists, the authors recommend the use of
a helmet. Reports also include descriptions of test programmes or the
findings of comfort tests: e.g. Lewicki et al. (1975), Spolander (1982),
Chamouard et al. (1984) and Gillies (1980).

McDermott et al. (1982) study the effects of cycle helmets by comparing
injury data among cyclists with injuries sustained by motorized two-
wheeled vehicle riders. They also observe that the number of registered
victims of traffic accidents among motor cyclists is two to three times
the number of injured cyclists. The number of registered head injuries
among cyclists is significantly higher than among motor cyclists.

In addition, the number of injured cyclists who had only sustained head
injuries is twice the number of injured motor cyclists.

In a recent study, McDermott et al. (1985) refined their work by including
less severe injuries and accidents involving only the victim. Moreover
the severity of the injury could be classified using the AIS method. The
findings from this study, as of those of the previous study, show that
although motor cyclists sustain on average more severe injuries, the
average severity of head injuries was higher among cyclists than among
motor cyclists.

A similar difference in the percentages of head injuries between cyclists

and motor cyclists is often found in national statistics. According to
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Huijbers et al. (1988) have been able to show that shape influences the
severity of head impact with a passenger car. With the aid of the model,
MADYMO, head impact velocities and cyclist accelerations have been
calculated for collisions with a number of widely varying passenger cars.
'The simulations indicate that the shape of the car has a considerable
influence on the relative head impact velocity in case of a collision.
Head impact velocities can be twice as high for an impact with a car with
a relatively low front-end in comparison with a relatively high front-end.
The peak acceleration values resulting from head/car impact show the same
tendencies. For the adult in cruising position, peak values of head
accelerations can be three times higher in contact with a relatively low
vehicle front than with a high front'.

Construction modifications would aim at bringing the force of impact down
to an acceptable level by, for example, making use of energy absorbing

materials.

Given the fact that the majority of injuries are caused by contact with a
vehicle (par. 6.2.2), and the great effect of wearing a helmet, as
described in this report, the use of energy absorbing materials (a helmet
for the passenger car) would also greatly contribute in reducing injuries.
These activities fall outside the scope of this study. A survey of the
results and the possibilities involved are described by the EEVC (1982,
1984) .
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10. OTHER ASPECTS

In the literature a number of other aspects with respect to the helmet,
its usage and the effects thereof, are examined.

For example, the discussion on head injury criteria, dislodgment of the
helmet, visors, a more effective combination of the protective padding and
shell and the outer shell material. These aspects will be discussed in

this section.

10.1. Head injury criteria

A. Head injury

In the past, various tests with animals under anaesthetic have attempted
to answer the question, which factors are of importance when injury to the
head occurs, in particular injury to the brain. Important researchers in
this field have been Guardjian (1978), Ommaya (1971-1974) and Gennarelli
(1982). These studies also considered the importance of acceleration in

respect to head injury.

Ommaya refined this problem later by considering translational and
rotational acceleration separately. These studies formed the basis for the
theory that 'impact causes acceleration, which causes injury in sequence-
Logic implies that minimizing injury risk is best achieved by limiting

both components of acceleration’.

B. Head injury criteria

The most well-known criterion at present is the ’'Head Injury Criterion’

(HIC).

HIC

Expressed as a formula:

— t2 T 2.5

HIC = 1 a(t). dt (t2-tl)
(t2-tl)

tl MAX
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However, HICp gives no description of some brain injuries and moreover
does not include the occurrence of rotational accelerations in determining
the injury.

The model works specifically in the lateral impact field where none or

hardly any head rotations occur.

Goldsmith (1989)

'The current global acceleration criteria for closed-head injury should be
replaced by a two-tier system of load limits based upon skull fracture
determined from contact analysis of an elastic/brittle sandwich shell and
cranial-trauma based, in the first level, on rupture characteristics of
blood vessels, using analytical modelling of tubes representing blood

vessels and an axon under dynamic loading’.

Rojanavich et al (1989)

'‘Head injuries are considered to be one of the most serious modes of
injuries in traffic crashes.

Many studies were involved in the developments of some methods to predict
the degree of head injury severity, based on measurable parameters.
Unfortunately, progress was limited because most of the available head
injury data from cadaver experiments and accident records, was inadequate
for conducting a detailed empirical study. At the same time, a new
cadaver is hard to obtain. And the experimental process involved in
cadaver testing is very difficult, expensive and time-consuming’.

For the time being, little news can be expected in the field of head

injury criteria.

As a valuable alternative, the authors are working with a theoretical
model called TEC. The TEC was developed from the New Mean Strain Criteria
(NMSC) and the Translational Head Injury Model (THIM). ’‘The latter model
only refers to translational accelerations and does not address the
consequences of angular motion-. In the TEC, contusion head injuries were
correlated with the energy dissipated by the damper while skull fracture
was correlated with the rate of energy stored in the spring element’. An
explanation was therefore found for the effect of the pulse length on head
injury. More severe brain damage occurs more rapidly if the pulse length
is higher than 5 m/s. A lower pulse length would probably indicate a skull

fracture.
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10.2. Dislodging of helmets

In the literature much is written on the phenomenon of helmets coming off
the head in accidents. This aspect is reviewed in par. 6.2.2. The same
paragraph also describes the Dutch study of the use of the chin strap,

initiated on the basis of the results described in the literature.

In addition to the use of the chin strap, the construction of the helmet

may cause it to be dislodged.

As no information on helmet fittings was available, the authors have
rejected the notion that dislodgment was due to the helmet being too
large.

As a further investigation, Gilchrist et al. (1988) used a special test
formula to measure the heads of 500 motor cyclists and young people. These
data were compared with the sizes and shapes of helmets available in
Britain. It was concluded that ’'the current range of sizes is far from

ideal and suggestions for a better range of sizes are made’.

Most anthropometric data originate from the army. For the purposes of this
study the heads of 460 students (Birmingham) and 47 motorcyclists were
measured. In addition, 18 headforms from the BSI test centre in Hemel
Hempstead were measured as well as the inside of the helmets with the aid

of special equipment.

Results:
None of the helmets fitted 5% of the control group; they were all too
small. The researchers propose that width and height sizes be included in

the size system.

10.3. More optimum combination padding/outer shell

A number of studies have been published which consider further aspects of
the padding/outer shell combination of the helmet. As Sarrailhe (1984)
explains: 'Present day helmets for motorcyclists are highly effective in
protecting the wearers but there are continuing pressures and efforts for
improvement . It is considered that although the conventional test proce-
dures have resulted in highly successful protection devices, the protec-

tion will not be improved by increasing the energy in the impact test’.
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Hopes et al. (1989

This TRRL report concerns the alleged shortcomings of motorcycle helmets
currently used in Britain. Results were obtained from 150 drop tests of
instrumented headforms and headforms under controlled conditions. The
performance of practical helmets is compared with the protection that
would be provided if the available space could be fully utilised for
energy absorption as predicted, by applying equations of motion to an
accepted injury criterion. HIC is used as the initial criterion but
alternative methods of predicting brain injury are discussed and their
underlying principles examined. Choice of present helmet materials and

the current British Standard test procedure are examined.

Results from the project show that a 60% improvement could be achieved if

more appropriate materials were used.

However 700 motorcycle fatalities still occur in Britain each year. The
characteristics of a helmet, in offering protection from skull fractures,
have been demonstrated by Chamoard et al. (1986). They performed a series
of drop tests with cadavers, with and without helmets. In the 14 tests
from a drop height of 1.8 m with a helmeted cadaver, there were no skull
fractures. In the 8 tests without helmet from a height of 1.2 m, 4

fractures were reported.

Each helmet was tested 5 times: the crown, front, sides (2%) and rear of
the helmet. Three rigidities of glass fibre shell were tested - standard,
rigid and very rigid. Four densities of polystyrene padding were used -
25, 32, 44 and 55 g/l. Each combination of shell and padding was tested at
6.7 m/s. Standard helmets and 25 g/l padding were tested at 6.7 m/s
without the shell. A purely experimental helmet consisting of an aluminium
shell and a polyurethane padding was impacted at 6.7 m/s.

At least two bicycle helmets were tested.

The trend was for the HIC to increase as the rigidity of the shell and
padding density increased. This was accompanied by an increase in rebound
velocity. The rebound velocity was largely a function of helmet-shell

design since the liner alone gave a small rebound velocity.
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The researchers found a substantial difference in the extent to which the
various drivers had scratched their visors after a corresponding number of
km/hrs. They suggest that proper treatment and care would considerably
extend the life span of a pair of visors.

The authors question whether tinted visors should be forbidden in traffic
as they do not let sufficient light through.

At present the inclusion of a test procedure in ECE 22 is under discus-

sion.

10.5. Material of the outer shell

The outer shell of a helmet must satisfy a number of requirements:

- the shell must provide resistance to penetration, avoiding injuries
which could occur through impact with a relatively sharp object. The shell
must be hard;

- it must distribute the impact load over a larger area of the absorption
liner. The shell must therefore be elastic;

- it must not give way to the above-mentioned load as this will increase
the risk of roll off.

The shell must be strong;

- if the wearer is run over, the shell must protect the head.

The shell must therefore be rigid.

From these requirements it would seem that the helmet must possess a great
number of, often conflicting, mechanical properties, which it should
maintain even after exposure to UV rays, water and petrol and should also
remain in good condition for a long time.

Moreover, its material should be resistant to other chemical substances

such as glue and paint.

The outer shell of a helmet is made from synthetic materials. The latter
can be sub-divided into thermosets and thermoplastics.

Thermosets are insensitive to the effects of the variables mentioned
(Motorrad, 1982) . Many of the thermosets in use are glass fibre or
aramide-reinforced synthetics, called KEVLAR. During manufacture, these
materials demand a great deal of manual work and the helmets are therefore

generally more expensive than helmets with thermoplastic outer shells.

It is not surprising therefore that most helmets have an outer shell made

of thermoplastic material. Familiar examples are polycarbonate, polyamide
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11. Requirements must be set for visors in respect of strength, ensuring
that they cannot fly open while the vehicle is in motion and scratch-
proofing, to prevent dangerous visual distortions at night.

Outer shells should not be painted or covered with transfers, since in
some cases, the outer shell of helmets treated in this way shattered

completely.

12. Ergonomic and comfort requirements should be included in the

certification criteria.
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FIGURES AND TABLES

Figure 1. Cross-section of an integral helmet (ECE, 1987).

Figure 2. Fatalities (1) and injured (r) users of two-wheelers versus
number of two-wheelers (1985%1988, See Table 3)

Figure 3. Fatalities (1) and injured (r) users of two-wheelers versus all
road users (1986%1988, See Table 4)

Figure 4. Motorcycle fatalities per 10 000 motorcycles 1958-1979 (NHTSA,
1980)

Figure 5. Load detection curve as a function of shell thickness, padding
density and thickness (side impacts, finite elements) (Stocker et al.,

1989)

Figure 6. Different types of retention systems (Huijbers et al., 1985)

Table 1. Classes of two-wheelers

Table 2. Helm use and definition

Table 3. Accident rates of two-wheelers and numbers of two-wheelers

Table 4. Accident rates of two-wheelers and of other users

Table 5. Location of injuries of traffic casualties, The Netherlands
1971-1976 (SWOV, 1978)
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Figure 4. Motorcycle fatalities per 10 000 motorcycles 1958-1979 (NHTSA,
1980)
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Figure 5. Load detection curve as a function of shell thickness, padding
density and thickness (side impacts, finite elements) (Stécker et al.,
1989)






Country Piston Original Speed limit Minimal Driving

displacement name Inside Outside age rider licence
(cC) (km/h)  (km/h) (years)

Belgium < 50 bromf. A 25 25 16 no
< 50 bromf. B 40 40 16 A3
< 400 motorfiets 60 90-120 18 A2
> 400 motorfiets 60 90-120 18 Al

Denmark < 50 moped 30 30 16 no
< 400 motorcycle - - 18 yes

France < 50 moped 45 45 14 no
51 80 moto legere 60 75 16 Al

81 125 velomoteur 60 110-130 17 Al
> 125 motocycles 60 110-130 18 A

Germany < 30 leichtmofa 25 25 15 no
< 50 mofa 25 25 15 no
< 50 Moped-kick 40 40 16 4
< 80 L.kraftrad 50 50 16 1B

- motorrad 50 100 18 20 1A

Great < 50 moped 30 m/h 30 m/h 16 yes

Britain < 125 learner 30 m/h 30 m/h 17 yes
> 50 motorcycle 40 m/h 40 m/h 18 yes

Greece < 50 motorcycle 40 50 16 yes
> 50 two-wheel 50 70 18 yes
> 50 three-wheel 50 60 18 yes

Ireland < 150 motorcycle 48 88 16 yes
> 150 motorcycle 48 88 18 _yes

Italy < 50 ciclomotori 40 40 14 no
< 150 motoveicoli 50 90 16 yes
> 150 motoveicoli 50 90-130 18 yes

Luxem- < 50 bic motor 50 50 16 -

bourg > 50 motocycle 60 " 18 21 -

The < 50 snorfiets 25 25 16 no

Nether- < 50 bromfiets 30 40 16 no

lands > 50 motor 50 80-100-120 18 Al

Portugal < 50 moped 40 40 16 yes
> 50 motorcycle 60 90-120 18 yes
> 50 m.c.zijspan 50 60 90 18 yes

Spain < 50 moped 40 40 16 no
50 75 motorcycle 60 90-120 16 yes
> 75 motorcycle 60 90-120 18 yes

Table 1. Classes of two-wheelers
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HELMET USE AND DEFINITION

No.

Questions BICYCLE MOTO. 1 MOTO. 2 MOTO. 3 MOTO. 4 MOTO. 5

6.0 Helmet compulsory for

rider since [mm-dd-yy]*1

6.1

Helmet compulsory for
pass. since [mm-dd-yy]*1

7.0

Helmet standard *2

8.0 % helmet use inside

built up areas *3

% helmet use ouside
built up areas ‘3

If not are there plans to adopt legislation. When? Are there any restrictions of the law?
e.g. only outside built-up areas. If so, what restrictions.
Please send a copy of the relevant provisions.

If not ECE 22 please send a copy of this standard.
Is there more information about use e.g. use of the helmet by age or by rider or passenger,

or information on proper use of the retention system in your country?
Please send this information.

SWOV '89










