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ARTICLE INFO ABSTRACT

Keywords: Introduction: The causes of falls and resultant head injuries in people with epilepsy are complex and represent
Head injury important clinical issues significantly impacting on safety, quality of life and long-term prognosis. A general
Epilepsy solution for many years has been to provide helmets for head protection. There is poor understanding of the
R‘ka influencing risk factors and solutions to give person-centred clinical advice.

Safety . Methods: A focused narrative review was conducted to investigate the risk factors for seizure-related head in-
Concussion o . . :
Helmet juries and evidence of current helmets to offer protection. Four databases were searched (Embase, Medline,

PsycInfo and Cochrane Library) using combinations of text words and thesaurus terms for the retrieval of articles
relating to seizure-related head injury. Articles for full analysis were selected by a ten item pre-defined inclusion
criteria.

Results: Of 104 relevant studies longlisted 21 studies met four or more of the predefined criteria and included in
this review. A further nine papers were included because they added additional relevant information.
Conclusions: Seizure-related head injury, although rare, may have serious consequences. High doses of anti-
epileptic/antiseizure drugs (AEDs/ASDs) and a prescription for three or more AEDs/ASDs are significant,
modifiable, risk factors for head injury. Differentiating confusion due to post-ictal changes or concussion can be
challenging. Seizure-related cardiac causes leading to injury due to ictal bradycardia or asystole is under in-
vestigated. More research is required to validate the protective benefit of various helmet designs in seizure-
related head injury. It is striking that there are no International Standards for protective helmets in seizures.

1. Introduction

The paper sets out to discover what the epidemiology is for head
injury in epilepsy and how helmet design might address this. Falls and
resultant head injuries in people with epilepsy are a complex clinical
issue. Head injury is defined as ‘any trauma to the head other than su-
perficial injuries to the face’ and concussion is defined as ‘a disturbance in
the function of the brain caused by direct or indirect force to the head’ [1].

Concussion usually has a rapid onset and has a spontaneous re-
solution, but confusingly it includes many of the symptoms commonly
associated with the post-ictal state such as headaches, co-ordination
problems, cognitive and behavioural symptoms [2]. Current guidance
offers advice on how to assess and manage head injuries but there is no
mention of specific risk factors or the use of protective helmets [1].

Wearing a protective helmet is sometimes recommended to mini-
mise the risk of head injury in seizures. However, the design of helmets
for people with seizures in the UK has remained unchanged for years.
They usually comprise a dense foam hat encased in leather and worn

with a chin strap. The foam can be built up dependent on whether the
person usually falls forward or backwards. High impact foam isn’t
breathable and people can become hot and uncomfortable, possibly in
itself a trigger for seizures. To compensate for this, many helmets have
ventilation holes which then have the downside of reducing protection
from a penetrating injury. Extending the brim to protect the face can
impede vision and risk increasing the likelihood of falls, (Personal
communication, Nico De Wilde, Gelovations Europe, 2018) [3]. Al-
though lacking hard evidence, the perceived opinion is that helmets are
often viewed by people with epilepsy as unstylish, uncomfortable and
stigmatizing; they may opt for wearing a sports or industrial cap in-
stead, or decline to wear one altogether.

In order to provide person-centred clinical advice it is important to
have an understanding of the risk factors for seizure-related head in-
juries and the evidence there is of current helmets offering protection
against head injury and its complications.
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2. Method

This paper is an initial attempt to gather together the data on the
relationship between seizures and head injury and a consideration of
the role of protective helmets. Although a systematic review was con-
sidered the data was too disparate and limited for this thus the format
of a focused narrative reviews was used. The ROBINS-1 tool (to ex-
amine for risk of bias in selected studies) was not used because the
studies were either too varied in their approach or not detailed enough.
We reported on data analysis where this was detailed in the paper, but
there was wide variation in how this was done.

A focused narrative review using the PRISMA ScR checklist as a
template was conducted. Two of the authors independently reviewed
titles and abstracts. An iterative search, restricted to English language,
was performed on the following databases: Medline, Embase, Cinahl,
PsycInfo and Cochrane Database of Systematic Reviews using a com-
bination of text words and controlled vocabulary (amended as appro-
priate for different databases). Headgear: "head protector", headgear,
"head gear", “helmet*”,"head protection", "protective head"; head in-
jury: "head injur*", "brain injur*", "facial injur*", "maxillofacial injur*",

"head trauma”, "brain trauma", facial trauma", "maxillofacial trauma",
7, “epileptic”, “drop

"skull trauma", "skull injur*"; epilepsy: “epilepsy”,
attack*,” seizure”, “seizures”; cognition: “cognit*”, “memory”, "mental
process*"; falls: “falls”, “fall”, “falling”.

The Brain Injuries Trust, and two main manufacturers of head
protection (Alto Form and Gelovations Europe), were contacted for
details of any relevant studies. In addition, the Health and Safety
Executive website was searched for relevant safety standards for pro-
tective helmets [4]. Following discussion with other health care pro-
fessionals with relevant expertise, the following seven criteria were

selected for this review:

1 Falls and head injury in seizure

2 Head protection in epilepsy

3 Cognitive outcomes post head injury following seizure

4 Type of seizure or epileptic syndrome

5 Confirmed diagnosis of epilepsy

6 Biomechanics of seizure-related falls

7 Comorbidities including ages, anti-epileptic medication, unsteady
gait, Intellectual disability and cardiac causes

3. Results

Altogether 104 papers were assessed of which 21 studies met 4 or
more of the above criteria and were included in this review (Table 1). A
further nine papers were included because they added additional re-
levant information, even though they failed to meet the inclusion
standard (Table 1). They are marked in the text with an asterisk. The
criteria were used to consolidate the results into key areas of concern
and interest.

3.1. Are head injuries in epilepsy an important concern?

A diagnosis of epilepsy should lead to a discussion of the risks in-
volved and the activities to avoid or supervise and carefully manage.
Falls and head injuries are risks that are commonly discussed, but how
significant are they?

There were 343 Registrants on the Australian Epilepsy Research
Register who participated in the two year 2010 Australian Epilepsy
Longitudinal Survey. Data on self-reported seizure-related injuries was
examined. Sixty-four percent of injuries were serious enough to require
hospital treatment and 85% of the injuries involved soft tissue damage,
of which 27% were facial injuries [5].

Similar findings were reported by Friedman in a two year follow up
of 306 patients [6]. Fifty-four percent reported previous seizure related
injuries at some time and 24% experienced recurrent injuries during the
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study period. Head injury was noted to be the most frequent injury
related to recurrent seizure. A further study from the same centre
(n = 204) reported that a majority of injuries were mild and that head
injuries did not impact on subsequent seizure presentation or frequency
during the two year duration of the study [7].

The question of how serious head injuries are is dependent on de-
finitions which, unfortunately, are rather unclear. A seven year pro-
spective Swedish study examined the risk of injuries or accidents in
2343 people with epilepsy. Falls were the most frequent cause of in-
juries (n = 503) and traumatic head injury was found in 47 (2%) of the
study group, but the severity of the trauma was not defined [8].

The cumulative effect of repeated head injury might cause more
significant brain injury. This was investigated in a retrospective study of
5637 people with epilepsy or seizure disorder who had been admitted
to the emergency department with traumatic brain injury. When com-
pared with brain injured patients without epilepsy, the group with
epilepsy was more likely to experience repeated head injury
(OR =1.54; 95% CI 1.41-1.69) and more severe brain trauma
(OR = 1.49; 95% CI 1.38-1.60). It was considered that the long-term
cumulative effect of repeated brain injury could lower the threshold for
further seizures and possibly have an adverse effect on cognitive
function. As a result of their findings researchers recommend protective
head wear [9].

3.2. Maxilofacial trauma - is it a specific risk?

The desire to protect the person from seizure related head and facial
injury is particularly strong because any facial trauma is visible and
possibly disfiguring.

The increased risk of facial and oral injuries linked to seizures was
identified in a prospective case controlled study (n = 159) evaluating
oral and facial trauma caused by falls during seizures. The frequencies
of oromaxillary trauma in the study and control groups were 23.9% and
4.4% respectively. Injuries to the face and teeth were statistically
(p < 0.05) more common in people with epilepsy than in the general
population. It was noted that individuals who suffer seizures without an
aura (focal aware seizures) are the most affected [10].

3.3. Is seizure type a risk factor?

In view of the wide range of seizure types and the variation of the
motor component, it is not surprising that some seizure types carry a
greater risk of associated head injury. Several studies have examined
whether particular seizure types hold higher risk for head injury and
concluded that generalised tonic-clonic and atonic seizures are risk
factors [5, 9, 10, and 11].

However, a different understanding of the risk factors for seizure-
related injury has been suggested. A questionnaire based study of risk
factors for seizure related injuries (N = 32) was conducted for people
admitted to an epilepsy monitoring unit over a 5 month period.
Statistical analysis of variables was done on age, epilepsy type, seizure
frequency, history of generalized tonic-clonic activity and number of
anti-epileptic drugs. It was found that the highest risk for seizure-re-
lated injury was the number of anti-epileptic drugs (AEDs) (also called
antiseizure drugs - ASDs) that a person takes. People taking 0-1 AEDs
were less likely to have injuries compared to those taking 2 or more
AEDs/ASDs (37.5% vs 68.8%; p = 0.038). However, it is possible that
polypharmacy may reflect the severity of the epilepsy rather than the
adverse effects of AEDs/ASDs, although in this study seizure frequency
and type did not determine the risk of injury [12].

Similar conclusions were reached in a three month observational
study of 276 people with epilepsy which reported that generalised tonic
clonic seizures and drug resistant epilepsy are high risk factors for
seizure-related injuries [11]. It was noted that any loss of consciousness
or any falls during an epileptic episode increased the risk of injury. In
other studies, myoclonic and atonic seizures have also been identified
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Table 2
Risk Factors for Seizure Related Head Injury.

Seizure: European Journal of Epilepsy 71 (2019) 66-79

Risk factors Key factors and suggested actions

Evidence

Tonic clonic and generalised seizures
medication. Learn to respond to any aura.
Atonic or myoclonic seizures
situations
Drug resistant epilepsy

Injuries to teeth and face 6x more common than in general population. Review
Unexpected, sudden loss of muscle tone. Review medication. Identify high risk

May be linked with more severe brain dysfunction and share a common

Strzelczyk et al, Friedman et al, Nonato et al,
Thompson and Duncan Brown
Bellon et al, Wilson and Selassie

De Groot et al, Shiek Ahmad et al,

pathology. Consider other interventions such as VNS, brain surgery

Poly-pharmacy
Intellectual disability
Early onset of seizures
Lack of an aura

Especially in first year after onset

seizure state
Poor postural control

Avoid 3 or more AED/ASDs. Consider effect of concomitant medication
Linked with a range of co-morbidities that increase risk of falls and head injury

Linked to maxillo-facial injury. May be possible to teach recognition of pre-

Temporal lobe seizures linked with vestibular dysfunction. AEDs/ASDs can

Wark et al, Hill et al,

Shankar et al, Friedman et al, Hsieh et al,
Mahler et al,

Nonato et al,

Colnat-Coulbois, Camara-Lemarroy et al,

affect postural balance. Consider postural exercises. Older age

Ictal associated abnormal cardiac

arrhythmia
Not wearing a protective helmet The benefit of a helmet is unknown, but may help in individual cases
Age, gender, Adolescence, older age, female

Bradycardia or asystole. Consider pacemaker

Strzelczyk et al 2008Strzelczyk et al 2011

Hartwig et al, Wilson and Selassie,
Thompson and Duncan, Shiek Ahmad et al, Bacca
et al, Lees.

as risk factors [5,9] See Table 2.

3.4. Is gait instability and impaired postural control associated with
epilepsy, thus predisposing the injury?

Poor postural control and seizures are closely linked and may share
a common cause. In a controlled study of 52 participants [13] Colnat-
Coulbois found that people with temporal lobe epilepsy were more
likely to have poor postural control than healthy controls. It concluded
that temporal lobe epilepsy and vestibular dysfunction may separately
share temporal lobe pathology. The important role of AEDs/ASDs in-
fluencing postural balance was confirmed in a meta-analysis examining
papers focused on the effect of drugs on postural control [14]. A A case
controlled study identified benzodiazepines and AEDs/ASDs as being
amongst the drugs most closely associated with impaired postural
control and subsequent increased risk of falls and head injury [15].
Although, it needs to be re-iterated the link between medication and
falls does not imply causation.

Similar findings were reported in a twin and sibling matched pair
study (n = 29) that investigated chronic AED/ASD use and the risk of
falls. Postural balance performance was impaired in AED/ASD users
compared to their matched non-user siblings [16]. A larger twin study
(n = 150) also examined balance impairment and AED/ASD use. As-
sessment of balance in the non-identical twin and in the matched sib-
ling pairs found that AED/ASD poly-therapy (p = 0.007), longer
therapy duration (p = 0.001) or recent falls were all risk factors for
further falls and fractures. Multiple drug therapy and a longer duration
of AED/ASD use are especially associated with impaired balance per-
formance [17,18].

However, the relationship between mobility, postural control, epi-
lepsy and AEDs/ASDs is a complex one. There are findings that: seizure
frequency; total number of seizures; seizure type; duration of treatment;
number of AEDs/ASDs; age of onset; presence of cognitive dysfunction
and epilepsy in remission all contribute to balance and gait problems
[19]. Quite independently of seizure control or AED/ASD use, people
with epilepsy have been shown to have significant alterations in bal-
ance and mobility [20]. Again, the available studies have focused on
association and not on causation.

3.5. Is age a risk factor for seizure related head injuries?

Age is an interesting dimension in relation to seizure related head
injury because the prevalence and causes of seizures can change with
age. The first year after the onset of seizures is a particularly high risk
period for accidents at any age even after adjusting for comorbidities

76

(HR = 1.39, 95% CI = 1.30-1.49), [8] Children and adolescents with
epilepsy are at particular risk of head injury compared with their
matched sibling controls as identified in a retrospective lifetime as-
sessment study of 501 cases (30.0% vs 19.5%; p < .02). Interestingly,
head injuries were the only type of injury found to be of increased risk
in adolescents with epilepsy [21].

A ten year retrospective study of people over 65yrs with epilepsy,
who had sustained injuries secondary to seizures (n = 18), recorded
615 seizures. The majority of the seizures recorded were generalized
tonic-clonic seizures and only 3% resulted in injury of which 10% were
head injuries. Even in older age the number of head injuries sustained
in people with epilepsy was found to be quite small [22].

3.6. Is Intellectual Disability (ID) a risk factor for seizure-related head
injury?

ID is a specific condition and by its very nature is associated with
brain impairment and thus with an increased risk of seizure activity,
[23] ID is also associated with a higher risk for repeated injury linked to
tonic—clonic seizures (4.3, 95% CI 1.5-16.1) [5], A study examining the
prevalence of falls and its risk factors in 1515 adults with ID found
nearly 25% of adults from the study were reported to have had one or
more falls in the previous 12 months. The study concluded that the
prevalence of falls for people with ID increased with advancing age but
also associated risk factors for falls were: being of the female gender;
co-morbid arthritis; having a seizure disorder; being prescribed more
than 4 medications; using walking aids; and difficulty lifting [24].

3.7. Are cardiac causes a risk for seizure-related injuries?

Ictal bradycardia or asystole may be of significance for people with
epilepsy who present with seizure related falls. A multi- center study
identified 16 people with ictal bradycardia or ictal asystole, of whom 15
people had a history of sudden falls, fainting, or trauma. Fourteen were
suited for treatment with AEDs/ASDs or epilepsy surgery. Seven pa-
tients (43.8%) were subsequently treated with a cardiac pacemaker. Of
those people treated, 9 achieved absence of sudden falls, fainting, or
trauma. The authors concluded drug-resistant patients who are un-
suitable epilepsy surgery should be considered for implantation of a
cardiac pacemaker. This may prevent sudden falls and trauma [25].

A single case study reported on a middle aged man who presented
with temporal lobe epilepsy and refractory focal seizures. Ictal brady-
cardia followed by asystole and syncope were observed on ECG and the
syncope had resulted in severe head trauma. A cardiac pacemaker was
inserted and at nine months follow up the patient had no overt seizures,



C. Jory, et al.

syncopes or traumatic falls. This case study suggests that implantation
of a cardiac pacemaker may prevent ictal syncope and associated
trauma [26].

3.8. Is anti-epileptic drug (AED) or antiseizure drug (ASD) use linked to a
risk of falls?

A cross sectional study looked at AED/ASD-related bone health and
fracture risk (n = 150 people with epilepsy and 506 health comparison
subjects). The study found that non seizure-related falls were more
frequent than seizure-related falls in people taking AEDs/ASDs. Females
had a significantly higher prevalence of falls. People with epilepsy
taking AEDs/ASDs and with longer-term AED/ASD exposure had a
higher risk of falls and fractures. Overall, people with epilepsy taking
AEDs/ASDs had a low awareness of the risks of falling and fractures
[27].

3.9. What are the benefits of head protection in epilepsy?

It might seem obvious that wearing a helmet will offer protection
from head injury. However, a study specifically examined seizure-re-
lated injuries in people with epilepsy wearing protective helmets [28].
Information was gathered on the incidence, type and circumstances of
injuries sustained in a group of young people with epilepsy using pro-
tective helmets over a one year period. 33 students in a Residential
Epilepsy Centre were enrolled in the study and provided with helmets.
They all had severe and complex epilepsy with numerous co morbid
factors. Seizure-related injury risk was found to be rare (4/1,000 sei-
zures). Scalp and facial bruises were the commonest injury (51%).
Helmets were worn in 46% of accidents and 68% of these incidents
resulted in facial or scalp injuries in spite of wearing a helmet. Forty
one per cent of incidents occurred when helmets were not being worn
and 57% of these accidents resulted in facial or scalp injuries. It was
concluded by the authors that Injuries continue to occur at a similar
rate whether wearing a helmet or not.

Protective helmets can be specifically adapted to prevent max-
illofacial injuries. A case study reported on how a helmet was adapted
for a young man who repeatedly sustained trauma to the head after
suddenly falling either forwards or backwards in a seizure [29]. A be-
spoke helmet and visor was designed for him which was lightweight
and reinforced with a rigid thermoplastic material. The tradeoff be-
tween protection and appearance is a difficult balance to make, but in
this case there were no further injuries and the helmet with its visor was
tolerated by the person.

Although trauma to the head in people with epilepsy might be un-
common, it can be severe. A case of extreme dental trauma where an
adolescent male fell in seizure and his incisors intruded into the labial
boney plate. [30]. The suggestion was that advice on helmet and face-
shield protection should be provided in this type of case.

3.10. What are the biomechanics of protective helmet design?

In the world of sports, particularly cycling, rugby, horse riding and
boxing the biomechanics of head injury has been studied in some detail
where direction and speed of impact has been considered in order to
develop appropriate protective headgear. However, no studies con-
cerning biomechanics were identified for headgear specific to people
with seizures.

There appears to be no European or other agreed quality standard or
BSI Kitemark® for seizure related head protection helmets. In some
sports such amateur boxing, head gear has been identified as potentially
harmful and is no longer recommended. Sports such as cycling where
the fall is likely to be at speed, helmets are designed to crush on impact
and are therefore discarded following an accident. Horse riding helmets
are made with a liner of high grade polystyrene which in turn is pro-
tected by a hard shell. The shell is designed to diffuse the impact over a
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large area to allow the liner to reduce bruising to the brain by in-
creasing the length of time it takes for the shock to meet the head. The
brim of riding hats are also included in the standards and are designed
to keep the sun from the rider’s eyes without impeding vision [31].
There are currently several standards that affect protective head-
wear. People who ride in heavy vehicles, motor cycles, sports cars,
professional sports people or emergency services operators all require
head protection that meet a standard drafted into National, European or
International Standards (Appendix A) Protective hat standards in these
areas continue to evolve as a result of improvements in technology and
developments but are noticeably absent from seizure fall protection.

3.11. What are the cognitive outcomes for people who sustain head injury in
seizure?

A recent article [32] summarised a 36 year Danish follow up study
of people with traumatic head injury irrespective of seizures. A 24%
increase in dementia was reported in the head injury group compared
with the general population with an escalating risk proportionate to the
number of head injuries. A single ‘mild’ (not defined) head injury with
concussion was linked to a 17% increase in dementia.

A review of the evidence considered that repeated seizure related
traumatic head injury, even if ‘mild’ (not defined), might result in
cognitive deterioration [33]. However, there are various pathways for
this to occur including developmental issues, the adverse effects of
treatment and seizures.

The frequency of severe generalised tonic clonic seizures was the
best predictor of cognitive decline in a 10 year retrospective study of
136 participants. Seizure-related head injury and older age were asso-
ciated with a particularly poor prognosis for decline in cognitive
function [34].

4. Discussion

The focus of this review is specifically on seizure-related head in-
jury. However it is important to recognise that people with epilepsy
may fall and sustain a head injury from causes that are unrelated to the
epilepsy or its treatment. There are many other medical conditions and
other factors (for example being drunk) that can result in falls and do
not affect “everyone”. Most studies of seizure-related head injury are
retrospective and the association between epilepsy and injury often
relies heavily on patient and carer memory with the risk of recall bias.
There is also the possibility that patients may disregard falls that they
believe to be unrelated to epilepsy. The lack of a clear definition of head
injury in most studies, together with a difficulty in distinguishing be-
tween a seizure-related fall and other falls, mean that statistically sig-
nificant results presented in the papers included in this review need to
be considered carefully, particularly in studies that have small numbers.

Epilepsy is increasingly seen as more than a simple alteration in
brain activity. There are complex interactions between different parts of
the brain and also wider effects that may alter cardiac and other phy-
siological functions. This also applies to head injury linked with sei-
zures where the research does not indicate why this is relatively rare or
what the specific causes might be.

The role of cardiac influences on seizure related falls requires fur-
ther research. Cardiac-related causes, even if seizures result from them
do not necessarily reflect diagnosed epilepsy. The literature on ictal
bradycardia or asystole is limited and consists of single case reports or
small case series. There are no guidelines for the care of people with
ictal arrhythmias where the arrhythmia may be a factor in the loss of
postural tone and resulting head injury. It is therefore important to
consider this possibility in cases of seizure-related head injury where
inserting a cardiac pacemaker may prevent life-threatening cardiac
arrest, syncope and head trauma in people with seizures. Patients with
epilepsy will have comorbidities which may include cardiac problems
producing dysrhythmias, which in their own right may cause transient
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loss of consciousness, some with convulsive features and falls.

It is striking that there are no national standards regarding head
protection for seizures. This may reflect the relatively infrequent need
for head protection, because only a small percentage of seizures result
in head injury. On the other hand, there are clearly some people who
may sustain really severe or frequent trauma where clear guidelines for
the construction of protective helmets would be helpful.

To date there are no long term studies on the wearing of head
protection to prevent seizure-related head trauma. It is therefore diffi-
cult to draw any general conclusions about the risk and benefits of
wearing a protective helmet and whether there is any benefit for long
term cognitive outcome. At the same time there is a lack of detailed
research regarding the biomechanics of seizure-related head injury.
Nevertheless, patients and carers need to be aware that the signs of
concussion, on the one hand, and post ictal confusion, on the other
hand, can be very similar. It is important to be vigilant if someone has
fallen and hit their head, even if wearing a helmet, and consider if they
may have also be concussed. This point has significant implications for
carer training in epilepsy awareness.

An important theme in this review is the role of AEDs/ASDs and
their possible contribution to an increased risk of head trauma. The
consistent finding is that the greater the number of AEDs/ASDs and the
higher the dose, the higher the risk of head injury through their effect
on postural control. In addition, the risk of seizure-related head injury
needs to be carefully balanced with awareness that it is not always
possible or necessarily desirable to stop all seizure activity. Ever in-
creasing numbers or doses of AEDs/ASDs may actually cause recurrent
falls and head injury. Poor postural control as a cause of head injury
may be more of a risk factor than seizure type and easily missed. There
are a number of brain pathologies that may cause seizures but may also
affect postural control or occur independently.

Although no studies identified the stigmatising effect of wearing a
helmet in everyday situations, it is a potential problem because people
with epilepsy are vulnerable targets for stigmatising attitudes.
Similarly, no studies were found that examined if quality of life was
affected by wearing a helmet. These factors can have a powerful in-
fluence against the wearing of a protective helmet. It is interesting to
note that, although there are other medical conditions that may result
in falls and head injury - epilepsy seems to be the only condition where
head protection is commonly recommended.

5. Limitations of this review
The review design does not specifically look into certain predis-

posing factors such as neurodevelopmental brain anomalies, genetics
and other factors of brain dysfunction which may result in epilepsy that

Seizure: European Journal of Epilepsy 71 (2019) 66-79

is difficult to control and may also predispose to falls. The evidence of
bradycardia predisposing to seizures and/or falls has not been inter-
rogated. There is recognition that arrhythmias that are not a manifes-
tation of seizures can cause syncope and falls and can also precipitate
seizures. This was felt outside the scope of this paper.

6. Conclusion

Although significant head injury in a seizure affects very few people,
helmets may have a substantial protective role, but helmet design for
seizures is still in its infancy and there are no International Standards
specifically for seizure-related head injury protection devices. The
materials and style of current helmet design are always a compromise
between total protection and being comfortable to wear, and it is im-
portant that there is continued study and development in this area.
Head protection in epilepsy needs to strike a balance between the de-
gree of risk and quality of life. Future helmet design should be based on
carefully-analyzed data that ensures that real protection is offered for
each individual according to seizure type and other relevant factors.
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Appendix A. (Health and Safety Executive, European standards and markings for head protection)

European standard British standard where not harmonised

Industrial safety helmets

Helmets for firefighters

Industrial bump caps

Helmets for pedal cyclists and users of skateboards and roller skates
Helmets for equestrian activities

Mountaineering equipment

Protective helmets for vehicle users. This standard is for motorcycle helmets
Helmets for airborne sports

Head protectors for ice hockey players

Impact protection helmets for young children.

Helmets for canoeing and white water sports

EN 397:2012
EN 443:2008
EN 812:2012
EN 1078:2012
EN1384 1996 / BSEN 1384 1997
EN 12,492:2012
BS 6658:1985
EN 966:2012
EN 967:1997 EN ISO 10,256:2003
EN 1080:1997
EN 1385:2012
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