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WheelAir Literature Reviews
This document provides a selection of literature
reviews on some of the most common medical
conditions for wheelchair or specific issues that
relate to heat and moisture. Some of the conditions
covered in our literature reviews include: spinal
cord injuries; pressure sores; multiple sclerosis and
muscular dystrophy. The purpose of conducting
literature reviews was to better understand the main
issues associated with each condition for wheelchair
users, based on existing research and knowledge.
Our underlying focus was on the extent to which heat
and moisture relate to exacerbated symptoms.
The review was conducted, initially, by searching for
relevant academic articles using keyword searches
(eg. ‘sweat, pressure sores’) in academic journal
databases. From this, other relevant articles or
sources were accessed from references within
these core articles. If you are interested in learning
more about any of the topics below, or would like
information on a topic that is not included, please
contact us at info@wheelair.co.uk.
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Wound, Skin, & Microclimate
The thermal properties of a cushion and backrest
also play a vital role in comfort. This is especially true
in terms of heat absorption and dissipation, which
influences tissue viability and consequently skin ulcer
formation (Huizenga, Hui and Arens, 2001; Andersen
& Karlsmark, 2008). The skin microclimate - that is,
the temperature, humidity and airflow next to the
skin surface - is an indirect pressure ulcer risk factor.
Temperature and humidity affects the structure and
function of the skin, increasing or lowering possible
damage thresholds for the skin and underlying soft
tissues (Kottner et al., 2018).
Overheating of the skin increases the metabolic
requirements of the cells resulting in increased oxygen
consumption, which further endangers ischaemic
areas (Greasley, 2018). When a patch of skin is
warmed beyond approximately 33°C (depending
on core temperature), local perspiration in the
region increases markedly and the accompanying
moisture softens the skin (maceration), which makes
it more susceptible to breakdown (Lachenbruch,
2005). Additionally, moisture increase due to
sweating results in increased skin breakdown as it
simultaneously increases the coefficient of friction
of the skin and weakens the tissue (Greasley,
2018). As a result, clinicians generally recognize
the importance of limiting both skin warming and
moisture accumulation to effectively prevent skin
breakdown (Lachenbruch, 2005).

Mental and physical well-being
Whenever a patient is positioned in a chair and
microclimate is affected, the skin continuously
adapts to these varying conditions in terms of its
temperature and humidity and these extremes of
high and low temperature and humidity negatively
affect the skin barrier contributing to higher pressure
ulcer risk (Kottner et al., 2018). Some wheelchair
users are at higher risk of thermal management
issues than others, often because of medication,
autonomic nervous system dysregulation, or a
worsening of neurological symptoms (Coon et al.,
2016).
Pressure ulcers can lead to serious, life threatening
infections. Despite this, an estimated 17-23% of
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wheelchair users globally suffer from persistent
pressure ulcers, and as many as 85.7% have
experienced at least one pressure ulcer (Freeto
et al., 2016). It is perhaps not surprising that then
pressure ulcers are a major contributor to healthcare
costs. For example, the US healthcare cost burden
for pressure ulcers has been estimated at $6-15
billion per year - as much as 5% of all healthcare
costs (Freeto et al., 2016). This highlights the need
for better prevention measures for pressure ulcers.

Temperature Control
From a clinical perspective, it is important to consider
temperature control when issuing seating. The
National Pressure Ulcer Advisory Panel recognises
the impact of promoting a healthy microclimate and
gives the following guidelines for seating:
“1. Consider the need for additional features such
as ability to control temperature when selecting a
support surface.
“1.1. Consider the need for moisture and temperature
control when selecting a support surface cover.” (The
National Pressure Ulcer Advisory Panel, 2014).
Researchers at the University of Michigan conducted
pressure ulcer research to determine the relationship
between applied temperature, applied pressure, and
time of application in the formation of cutaneous
and deep tissue injuries (Kokate et al, 1995). They
administered 100mmHg of mechanical pressure for
five hours to six identically sized areas on porcine
participants, due to the similarities in skin properties
and comparable cardiovascular systems with those
of humans. The study found no significant damage to
the skin tissue at 25° C (77° F). However, application
of pressure for 5 hours at 35° C caused deep tissue
damage, while at 45° C (113° F) the difference was
dramatic - described as “full thickness cutaneous and
deep tissue injury.” The researchers, in conclusion,
deemed pressure injuries to be preventable by
temperature modulation.
In terms of wound care and healing, wheelchair
seating is a critical support surface. It has been
suggested that one of the ways in which a wound
dressing optimises the wound environment is to
re-establish a stable tissue temperature (Hayward
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& Morrison, 1996). Maintaining an optimal tissue
temperature is probably critical in maintaining the
temperatures needed for enzymatic reactions and
cellular functions important for wound healing - any
temperature deviation is likely to have adverse effects
on healing (Rippon, Davies & White, 2012). Therefore,
using seating which allows for thermoregulation
may help maintain a steady temperature throughout
wound treatment.
Research conducted by WheelAir on the company’s
V1 slingback clarified the performance of the
isothermal airflow generated by the WheelAir on a
standard active rigid wheelchair in an environment
temperature ranging from 18 ̊C to 24.5 ̊C. The
studies showed that after turning the WheelAir on
within three minutes the user’s back temperature on
average has decreased 2.4 ̊C or a 7.14% Using the
WheelAir system a further 27 minutes (so 30 minutes
in total) lowers the back temperature on average
8 ̊C, or 15.54% compared to the start temperature
after the initial 30 minutes without the WheelAir. If
using a normal wheelchair backrest cushion, after
30 minutes of use the user’s back temperature will
on average have risen by 2.2 ̊C or a 6.9% increase.
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The above graph indicates the average temperature differences
for the three different test groups. These results were obtained
by using WheelAir at the highest setting 4. The tests were
conducted with both men and women. Group A represents the
average temperatures measured with women only, Group B
consisted of men and women, while Group C consisted of men
only.

WheelAir Literature Reviews

The National Pressure Ulcer Advisory Panel (2014)
Prevention and Treatment of Pressure Ulcers: Quick
Reference Guide. Cambridge Media: Perth, Australia.
Retrieved on August 13, 2020, from: https://www.epuap.
org/wp-content/uploads/2010/10/Quick-ReferenceGuide-DIGITAL-NPUAP EPUAP-PPPIA-16Oct2014.pdf
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Heat & Spinal Cord Injury
It is well established that a complete cervical
spinal cord injury has the most profound effect on
thermoregulation. However, all individuals with a
spinal cord injury (SCI) can have impaired autonomic
thermoregulation, causing a loss of vasomotor
control and sweating below the level of lesion due
to the disruption of the sympathetic nervous system
(Yoda et al, 2015).
Consequently, they are susceptible to more
pronounced changes in core body temperature than
able-bodied individuals and both hypothermia and
hyperthermia are potentially fatal complications of
exposure to extreme temperatures (Schmidt & Chan,
1992). As a result, people with SCI are advised to
avoid extremes in ambient temperature.
This is particularly acute during exercise. Tetraplegic
individuals do not show the characteristic plateau
in core temperature of paraplegic and able-bodied
subjects during exercise in cool conditions because
of severe reduction or complete absence of cooling
mechanisms (Price, 2006). Even exercising in a
room with 50% relative humidity results in a striking
reduction in the ability to thermoregulate, especially
in tetraplegics (Petrofsky, 1992). Furthermore, the
sweat rates observed in the quadriplegics when
working in a hot environment reflect a much higher
regional sweat rate than for paraplegic or ablebodied individuals (Petrofsky, 1992).

Cooling strategies
Considering this, the increased participation in
wheelchair sports has stimulated interest into the
study of thermoregulation of wheelchair users (Price,
2006) has increased demand for more cooling
strategies that meet the demands of intermittent
wheelchair exercise (Griggs et al, 2014).
Behavioural modification is seen as the best
thermoregulatory mechanism for persons with highlevel spinal cord injuries (Schmidt and Chan, 1992).
This was confirmed in later research which found
that individuals with a SCI could sense the change
of ambient temperature equally well as able-bodied
participants, which should allow them to control
body temperature behaviourally (Yoda et al, 2015).
WheelAir Literature Reviews

The WheelAir system is designed specifically
to provide effective temperature regulation for
individuals with spinal cord injuries. Through active
and controlled airflow, the system galvanises the
body’s heat exchange mechanism at the skin surface
to aid thermoregulation control. The WheelAir creates
a cool microclimate by reducing skin temperature
and allows for heat and moisture exchange that is
otherwise occluded when using a normal backrest.
Our research shows that with a normal backrest on
an active wheelchair, the back temperature already
rises on average 2.2ºC or 7% after 30 minutes.
WheelAir is most effective when used preventively,
ensuring the user’s back and body stays at a constant
temperature, reducing fatigue and heat stress, and
improving comfort. By selecting the right airflow
setting in the right environment, WheelAir can avoid
that 7% (2.2ºC) temperature rise all together.
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Heat & Multiple Sclerosis
Multiple sclerosis (MS) is a progressive neurological
disorder that disrupts axonal myelin in the central
nervous system (CNS), causing a wide range of
potential symptoms, including problems with vision,
movement, sensation and balance.
Of the 2.5 million people that live with MS globally
(Fox and Hersh, 2018), it is estimated that up to 80%
experience temporary worsening of clinical signs and
neurological symptoms with heat exposure (Davis
et al., 2010). Anecdotal reports from many patients
with MS suggest that heat sensitivity is one of the
primary barriers to performing daily activities and
participating in exercise and rehabilitation (Reynolds
et al., 2011).

al., 2010).
In a study on fatigue and heat sensitivity in MS, Bol et
al. (2012) compared 88 MS patients with 76 patients
with ulcerative colitis (UC), another chronic autoimmune disease. The data suggested that patients
with MS reported higher heat sensitivity for fatigue
(53.4% vs 35.5%, respectively), which supports the
assumption that heat sensitivity regarding fatigue
has an MS-specific component (Bol et al., 2012).

Heat exacerbates symptoms
Activities such as sunbathing or and taking a hot
shower can exacerbate symptoms and, in some
cases, vision becomes blurred when overheating
occurs - a phenomenon known as Uhthoff’s sign
(National Multiple Sclerosis Society). It follows then
that the daily lives of heat-sensitive individuals with
MS could substantially improve through effective
removal of heat from the body (Grahn, Murray and
Heller, 2008).
Heat worsens, and cooling improves, negative
symptoms of multiple sclerosis and even very small
changes in heat can have profound, sometimes
extreme effects (Baker, 2002). According to
Davis et al, heat sensitivity in MS is related to the
detrimental effects of increased temperature on
action potential propagation in demyelinated axons,
resulting in conduction slowing. This means that
increases in temperature diminish the depolarizing
current, whereas decreases in temperature have
the opposite effect (Baker, 2002). The impact of the
disease on the thermoregulatory system depends on
lesion location, severity, physical fitness and body
temperature; worsening as activity diminishes in
more and more demyelinated axons (Baker, 2002).
MS lesions within the CNS can develop in areas
which affect thermoregulatory control such as the
hypothalamus (Marino, 2009), resulting in impaired
neural control of sudomotor pathways or neuralinduced changes in eccrine sweat glands (Davis et
WheelAir Literature Reviews

Fig.1 Core body temperatures responses during 30 min of
aerobic exercise and subsequent recovery following a non
cooled trial (open circles) and a precooled trial (closed
circles). Core body temperature during the precooled
trial remained below baseline values during exercise and
recovery whereas core temperature during the non cooled
trial exceeded a critical threshold (0.5°C) for potential
increases in symptom worsening. Modified from White et
al. (2000).

Pre-cooled exersize
It is clear that increasing body temperature either
passively or actively through exercise or heat
exposure leads to symptomatic premature fatigue for
people with MS. However, when they are precooled
before activity or exercise, physical performance is
found to significantly improve (Marino, 2009; White
et al., 2000).
In White et al.’s study, MS participants performed a
graded exercise test to determine maximal oxygen
uptake (VO2max) on a combined arm-leg ergometer.
Thermal load was induced by 30 minutes of exercise
under non-cooled and precooled conditions at a
workrate corresponding to 60% VO2max. Precooling
5

consisted of 30 min lower body immersion in 16 to
17 C
̊ water. The findings showed that precooling was
effective in preventing gains in core temperature
with physical work and may allow heat-sensitive
individuals with MS to exercise with greater physical
comfort (White et al., 2000).
Pre-cooling methods such as cold water immersion
and cooling vests can be effective to offset Uhthoff’s
phenomenon but not always practical, especially
when performing simple daily activities. One of the
major limitations to the therapeutic use of such
cooling modalities remains the lack of portability, the
need for a large power source, and the bulk of the
units (Reynolds et al., 2011).
The WheelAir system is designed specifically
to provide effective, personal and portable
temperature regulation for wheelchair users who
struggle to thermoregulate. Through active and
controlled airflow, the system galvanises the body’s
heat exchange mechanism at the skin surface to
aid thermoregulation control. This creates a cool
microclimate by reducing skin temperature and
allows for heat and moisture exchange that is
otherwise occluded when using a normal backrest.
Our research shows that with a normal backrest on
an active wheelchair, the back temperature already
rises on average 2.2 C
̊ or 7% after 30 minutes.
WheelAir is most effective when used preventively,
or for pre-cooling, ensuring the user’s back and body
stays at a constant temperature, reducing fatigue
and improving physical performance and comfort of
people with MS.
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Heat & Cognitive Performance
The effect of heat on cognitive performance in the
workplace
The effect of heat on the human body’s ability
to maintain homeostasis is well modelled and
documented, as well as the physiological responses,
and risks of, overheating. Heat stress, which occurs
when the body cannot get rid of excess heat, is
one aspect of overheating that poses a threat to
those to those people who work in hot and stressful
environments, such as piloting planes or driving busy
buses in city centres. Even people working prolonged
hours sitting in an office exposed to what stress.
As the body continues to store heat, people begin
to lose concentration and find it difficult to focus
on tasks. They may even become irritable or sick,
and often lose the desire to re hydrate (University of
Iowa, 2020). This can, in severe cases, lead to heat
illness, a result of environmental heat stress and
exertion, the effects of which are on a spectrum with
the least extreme being heat exhaustion and the
most extreme being potentially life threatening heat
stroke (Armed Forces Health Surveillance Brach,
2019). This physiological process to overheating
has obvious implications for one’s ability to perform
cognitively, as well as physically.

Mental and physical well-being

with which human physiological mechanisms can
cope - an issue which will be exacerbated by the
rising global temperature due to climate change
(Kjellstrom, Holmer and Lemke 2009).
More recently, Wang (2017) found that individuals
will pursue high-risk, high-yield options when
temperature is high, and when the ambient
temperature is low, the individual tends to be
conservative facing risk options.

Decision-making
On a similar note, Syndicus et al, found that in
warm ambient temperature conditions participants
underestimated the consequences of risky decisions
and made significantly riskier decisions (2018).
This led the researchers to conclude that ambient
temperatures should be monitored in workplace
environments to prevent impairments of decision
making (Syndicus, et al, 2018).
It is clear then that a lack of awareness or inaction
against heat stress can have damaging effects on
one’s health and decision making (Ward, 2013).
Considering all of the above then, there is a real
benefit in maintaining cool temperatures on a
personal-level, especially for those whose work
entails sitting for prolonged periods.

Previous academic research has suggested that
in order to understand stress and performance,
one must consider the influence of heat on both
physical health and mental well-being (Hancock
1989). Hancock and Vasmatizidis highlighted
the correlation between heat stress and unsafe
workplace behaviour in 2003, which was reinforced
by Cheema and Patrick’s 2012 study which found
that simple cognitive tasks can be adversely affected
by excessive ambient warmth.

Early research into this has, in fact, shown that
personal climatisation devices, such as cooling or
heating office chair backrests, significantly improve
the thermal comfort of users (Rønneseth, 2018).
Office workers, in particular, have found such devices
to be very effective in their thermal comfort control
throughout the working day (Hoffmann & Boudier,
2016). Aside from all the health and cognitive
benefits, personal-level cooling also produces a
higher energy saving efficiency (Rønneseth, 2018).

Further studies have since found that unsafe
workplace behaviour increased significantly at higher
environmental temperatures up to 35ºC, while safe
behaviour was much more likely within a range of
17ºC to 23ºC (Ramsay et al 1983). This is especially
the case in hot climates where workers are already
affected by working environments hotter than that

WheelAir
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At WheelAir, we have designed an airflow system
to provide effective temperature regulation for
wheelchair users. Through active and controlled
airflow, the system galvanises the body’s heat
exchange mechanism at the skin surface to aid
thermoregulatory control. In its current conurbation
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as a wheelchair support device, the WheelAir creates
a cool microclimate for individuals by reducing skin
temperature and allows for heat and moisture
exchange that is otherwise occluded when using a
normal backrest.
Data obtained from wheelchair users show that when
using a normal backrest cushion for 30 minutes
the user’s back temperature will on average have
risen by 2.2ºC or a 6.9% increase. When turning
the WheelAir on after that 30 minute period, within
3 minutes the user’s back temperature on average
has decreased 2.4ºC Using the WheelAir a further
27 ̊ minutes (so 30 minutes in total) lowers the back
temperature on average 8ºC.
The experience of wheelchair users is, of course,
unique and quite different to that of, for instance,
pilots or bus drivers, who are only sitting for part of
their day. However, these jobs usually entail sitting in
one place for often hours at a time and require total
concentration and high impact decision-making.
Therefore, overheating and heat stress is an
unnecessary threat to their cognitive performance.
We propose that personal cooling devices, such as
the WheelAir system, can be adapted for use in these
work environments to alleviate the risks associated
with overheating.
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Heat and Muscular Dystrophy
Issues with thermal comfort and overheating pose
problems for patients with muscular dystrophy.
Muscular dystrophies currently comprise over
30 clinical disorders, and are characterised by
progressive skeletal muscle weakness and wasting
(Morgan & Zammit,
2010). Skeletal muscles
represent up to 35% to 45% of total body mass and
are responsible for many vital functions including
thermoregulation (Dufresne et al, 2015).
Considering its role in thermoregulation, conditions
that impair skeletal muscle can cause significant
morbidity, and some muscular dystrophies are among
the most debilitating (Morgan & Zammit, 2010).
Impairments of the autonomic nervous system have
been described in patients with Duchenne (Politano
et al, 2008). Autonomic disorders frequently impair
thermoregulatory systems and thermoregulatory
failure or exposure to environmental conditions that
overwhelm the body’s thermoregulatory capacity
can present with hypothermia, which carries a
substantial risk of morbidity and mortality (Cheshire
, 2016). Therefore, avoidance of heat stress and
improvements to thermal comfort are fundamental
to preventive therapy (Cheshire , 2016).

being heat exhaustion and the most extreme being
potentially life threatening heat stroke (Armed
Forces Health Surveillance Brach, 2019).
This physiological process to overheating has obvious
implications for one’s ability to perform cognitively,
as well as physically. Early research into this has,
in fact, shown that personal climatisation devices,
such as cooling or heating office chair backrests,
significantly improve the thermal comfort of users
(Rønneseth, 2018).

Overheating and fatigue
Fatigue is
a common symptom experienced
by patients with muscular dystrophy (MD),
the symptoms of which are significantly and
independently related to physical functioning and
depression (Alschuler et al, 2012). In Duchenne
Muscular Dystrophy, a neuronal nitric oxide synthase
depletion is frequently found and might correlate
with post-exercise fatigability as well as with cardiac
involvement (Angelini and Tasca, 2012). Case
studies of several WheelAir users who suffer from
fatigue, tiredness and, consequently, nausea, show
that these symptoms dissipated considerably after
using the WheelAir system (WheelAir, 2020).
Overheating and heat stress can also lead people to
become irritable or sick, and often lose the desire
to re-hydrate (University of Iowa, 2020). This can,
in severe cases, lead to heat illness, a result of
environmental heat stress and exertion, the effects
of which are on a spectrum with the least extreme
WheelAir Literature Reviews

The first image shows the temperature of a wheelchair backrest
after ten minutes of sitting without the WheelAir fan on. The
second image shows the temperature of the backrest after 10
minutes sitting with the WheelAir fan turned on at the highest
setting.

Importance of seating
The thermal properties of a cushion and backrest
also play a vital role in comfort. This is especially
true in terms of heat absorption and dissipation,
which influences tissue viability and consequently
skin ulcer formation (Huizenga, Hui and Arens, 2001;
Andersen & Karlsmark, 2008). The skin microclimate
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(temperature, humidity and airflow next to the skin
surface) is an indirect pressure ulcer risk factor as
temperature and humidity affects the structure and
function of the skin, increasing or lowering possible
damage thresholds for the skin and underlying soft
tissues (Kottnera et al, 2018).
Overheating of the skin increases the metabolic
requirements of the cells resulting in increased oxygen
consumption, which further endangers ischaemic
areas (Greasley, 2018). When a patch of skin is
warmed beyond approximately 33ºC (depending on
core temperature), local perspiration in the region
increases markedly and the accompanying moisture
softens the skin (maceration) and this makes it
more susceptible to breakdown (Lachenbruch,
2005). Additionally, moisture increase due to
sweating results in increased skin breakdown as it
simultaneously increases the coefficient of friction
of the skin and weakens the tissue (Greasley,
2018). As a result, clinicians generally recognize
the importance of limiting both skin warming and
moisture accumulation to effectively prevent skin
breakdown (Lachenbruch, 2005).

1.1. Consider the need for moisture and temperature
control when selecting a support surface cover.”(The
National Pressure Ulcer Advisory Panel, 2014).
Research conducted by WheelAir on the company’s
V1 slingback clarified the performance of the
isothermal airflow generated by the WheelAir on
a standard active rigid wheelchair environment
temperature ranging from 18ºC to 24.5ºC. The
studies showed that after turning the WheelAir on
within three minutes the user’s back temperature on
average has decreased 2.4ºC or a 7.14% Using the
WheelAir system a further 27 minutes (so 30 minutes
in total) lowers the back temperature on average
8ºC, or 15.54% compared to the start temperature
after the initial 30 minutes without the WheelAir. If
using a normal wheelchair backrest cushion, after
30 minutes of use the user’s back temperature will
on average have risen by 2.2ºC or a 6.9% increase.

High risk
Whenever a patient is positioned in a chair and
microclimate is affected, the skin continuously
adapts to these varying conditions in terms of its
temperature and humidity and these extremes of
high and low temperature and humidity negatively
affect the skin barrier contributing to higher pressure
ulcer risk (Kottnera et al, 2018). Some wheelchair
users are at higher risk of thermal management
issues than others, often because of medication,
autonomic nervous system dysregulation, or a
worsening of neurological symptoms (Coon et al,
2016).
From a clinical perspective, it is important to consider
temperature control when issuing seating. The
National Pressure Ulcer Advisory Panel recognises
the impact of promoting a healthy microclimate and
gives the following guidelines for seating:
“1. Consider the need for additional features such
as ability to control temperature when selecting a
support surface.
WheelAir Literature Reviews

The above graph indicates the average temperature differences
for the three different test groups. These results were obtained
by using WheelAir at the highest setting 4. The tests were
conducted with both men and women. Group A represents the
average temperatures measured with women only, Group B
consisted of men and women, while Group C consisted of men
only.

The combination of high pressure over bony
prominences and a decrease in skin tolerance due to
the micro-environment makes the ischial tuberosity
(IT) and sacral regions most prone to pressure ulcer
development and thus the micro-environment at the
cushion interface under load should be considered.
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Pressure mapping was done at the NHS Guy’s & St
Thomas’ wheelchair services, part of King’s College
London, showing that the WheelAir
backrest
maintains neutral pressure:
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Heat & Epilepsy
Epilepsy is one of the most common neurological
diseases globally, affecting around 50 million people
worldwide with an estimated seizure incidence of
44 to 61 per 100,000 population per year (World
Health Organisation, 2019; Rakers et al., 2017).
In the UK, epilepsy affects around one in every
100 people (Epilepsy Action, 2018), while in the
Netherlands around 120,000 have a form of active
epilepsy (Kempenhaeghe, 2021). As a chronic
noncommunicable disease of the brain, it affects
people of all ages and many wheelchair users.
Although epilepsy is not in itself usually a reason
for someone to require a wheelchair, many
people have epilepsy alongside other conditions
which do require mobility assistance. Several
external and internal factors have been identified
as triggers for epileptic seizures, such as sleep
deprivation, sensory stimulation, psychological
stress, and hyperventilation, but seizures can occur
unexpectedly and independently from these factors
(Rakers et al., 2017). Overheating and temperature
changes are commonly cited triggers for seizures
among wheelchair users with epilepsy, yet it has not
received much scholarly attention. Recent research
has, however, shed some light on the relationship
between heat, weather and epilepsy.

Febrile seizures and Dravet syndrome
Abnormal changes in internal body temperature
during illness, such as a fever, are well-known causes
of febrile seizures, particularly in young children.
Fever is the most common seizure trigger for children
between five months and six years old (Duffner et al.,
2008) and previous studies proposed that the peak
of the core body temperature is a determining factor
for seizure onset during fever (Millichap, 1959). The
underlying mechanisms for this are unclear and it is
generally accepted that febrile convulsions are not
directly caused by external temperature changes,
like becoming overheated from exercise or hot
weather, but rather it is likely due to the combined
effect of temperature and inflammation (Warner, Liu,
Macdonald and Kang, 2017).
However, a link between external heat stimulus
and seizures, especially in patients with Dravet
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syndrome, a specific form of fever-sensitive epilepsy,
has been reported. Warner et al.’s (2017) study on
temperature dysregulation and seizures on mice
with Dravet syndrome suggested that a brief high
temperature alone could induce multiple types of
seizures and related comorbidities in a subset of the
population with a lowered seizure threshold (Warner
et al., 2017). Furthermore, the study indicated
that, regardless of other inflammatory factors, brief
heat alone increased brain excitability and induced
multiple types of seizures, suggesting that mutations
may alter brain thermoregulation and precipitate
seizures during temperature elevations (Warner et
al., 2017). As such, the authors proposed that some
seizures in epilepsy patients may be precipitated
occasionally by either internal or external stimuli.
This was reflected in the more recent scientific review
paper by Gulcebi et al. (2021). They stated that in
most cases with Dravet syndrome, seizures can be
precipitated by “mild increases in body temperature
via fever, ambient warmth, cold–warm shifts, warm
baths, or physical exercise” (p.4). The authors felt
that because seizures in some genetic epilepsy
syndromes clearly show fever-sensitivity, as well as
the fact that 3% of children have febrile seizures, this
demonstrated that body temperature can influence
the likelihood of seizures. They stated that although
body temperature alone may not be the only cause of
fever-related seizures, “temperature alone may also
have an effect, independent of fever or infection”
(p.4). It was suggested that an individual’s genetics,
such as those which modulate psychological
responses to temperature, could make them more
susceptible to seizures under increased occurrences
of sustained high temperatures and temperature
peaks.
Overall, Gulcebi et al. ‘s (2021) review of studies
on epilepsy show the importance of increased body
temperature for the control of seizures and seizure
related brain damage. They concluded by stating
that elevated body temperature is “a key seizure
precipitant” in febrile seizure-related epilepsy
syndromes. The authors also highlight that variants in
genes causing the mainly rare, severe, fever-sensitive
epilepsies can also be found in the more common
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epilepsies and that human thermoregulatory
capacity “is not insuperable” (p.4). Despite this, there
is limited research on this. However, a new strand of
research on epilepsy is being explored which focuses
on the effect of hot weather on seizures.

Epilepsy and weather
Weather is often reported by patients as a major risk
factor for epileptic seizures. However, the influence
of weather on seizure risk has received very little
scientific attention. A study by Rakers et al. in 2017
found that low atmospheric pressure and high
relative air humidity are associated with an increased
risk for epileptic seizure.
The results suggest a “significant association
between weather and epileptic seizures”, with low
atmospheric pressure and high relative air humidity
being the main independent risk factors (Rakers et
al., 2017, p.1293). For instance, exposure to a low
atmospheric pressure was generally associated with
an increased seizure risk in the sample. Whereas, a
higher daily mean relative air humidity increased the
general seizure risk in the entire study population, in
young patients, and in patients taking no antiepileptic
medication by up to 47%, with a lag time of 3 days
(Rakers et al., 2017). Contrary to the researchers’
predictions, however, the study found that high
ambient temperatures above 20°C seemed to be a
protective factor in that it was associated with lower
seizure risk (Rakers et al., 2017).
A survey carried out by the Epilepsy Society in June
2020, during a period of hot weather in the UK,
provided further insights into the effect of weather
on epileptic seizures. It showed that 62 per cent
of people with uncontrolled seizures experienced
an increase in their seizure activity during the
unusually warm weather (Epilepsy Society, 2020).
This included an increase in frequency, severity or
a ‘breakthrough’seizure even when they considered
their epilepsy to be generally well controlled.
Although the survey is not scientific research, it gives
important insights into the problem of heat-induced
seizures and provides, for the first time, data that
shows a direct link between excessively hot weather
and seizures in a large group of people with epilepsy
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in the UK.
This research is not conclusive, however. As Bras
et al. (2018) contend, the evidence supporting the
claim that weather influences seizure frequency is
“scarce and inconsistent” (p.25). In their study on
the association between daily weather conditions
and seizure frequency, they found that the incidence
of seizure admissions in an emergency room was
higher with lower temperatures, higher atmospheric
pressure, and higher humidity. In general, the findings
support the notion that seizure risk is heightened
with certain weather conditions. However, the results
somewhat contradict prior research and certainly do
not show a link between hot weather and epilepsy.
The authors concede that these results need to be
clarified and tested further.

Climate change
Keen to understand more about how weather
affects people with epilepsy, researchers formed
Epilepsy Climate Change (EpiCC) - an international
consortium dedicated to researching the impact of
climate change on epilepsy. EpiCC carried out a small,
preliminary study in 2020 to understand more about
people’s perceptions of climate change and how it
is affecting their epilepsy. 46% of people responding
said that the frequency of their seizures changed
during the hot summer of 2018, while 37% said their
severity altered (Epilepsy Society, 2020). During the
hot summer of 2019, 50 per cent reported a change
in both frequency and severity of seizures (Epilepsy
Society, 2020).
Returning to the article by Gulcebi et al. (2021),
this paper was actually one of the first to explicitly
examine the link between epilepsy and climate
change. They concluded that the existing research
suggests it is “unlikely that there will be no impact
of climate change on epilepsy” and that the “risks
are multiple, may act synergistically and may affect
most those least resilient” (p.7). These risks may
threaten people with rare genetic epilepsies with
heat-sensitivity or more common epilepsies, if
thermoregulation becomes compromised (Gulcebi
et al., 2021). This is because, as stated above,
elevated body temperature is a seizure precipitant,
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which is likely to become more prevalent with greater
incidence of extreme temperature variation within a
changing climate.

Conclusion
It is difficult to draw any concrete conclusions on the
link between external heat stimulus and epilepsy,
but the existence and nature of temperaturesensitive epilepsies means it is likely that heat can
be a contributing factor. In any case, the risk is such
that the World Health Organisation (WHO) lists the
use of drugs and other methods to lower the body
temperature of a feverish child as a means to prevent
febrile seizures (WHO, 2019).
The WheelAir system is designed specifically
to provide effective temperature regulation for
individuals who have trouble regulating their body
temperature or are at risk of overheating. Through
active and controlled airflow, the system galvanises
the body’s heat exchange mechanism at the skin
surface to aid thermoregulation control.
Our research shows that with a normal backrest on
an active wheelchair, the back temperature already
rises on average 2.2ºC or 7% after 30 minutes.
WheelAir is most effective when used preventively,
ensuring the user’s back and body stays at a constant
temperature, reducing fatigue and heat stress, and
improving comfort. By selecting the right airflow
setting in the right environment, WheelAir can avoid
that 7% (2.2ºC) temperature rise all together.
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Heat & Cerebral Palsy
Overheating is a common complaint among WheelAir
users with Cerebral Palsy (CP), especially those who
lead an active life. Despite this, there is little research
out there on the issue.
The current consensus, when it comes to exercise
and sports in the heat, is that athletes with CP are
more susceptible to hyperthermia than able-bodied
athletes (Lepretre et al., 2016). Because CP is a
postural and movement disorder, neuromuscular
physiology is altered and exercise capacity is
diminished (Runciman et al, 2016).
Athletes with CP typically display an impairment in
muscular coordination and movement efficiency
which results in a greater metabolic cost of
movement for a set intensity, relative to able-bodied
individuals (Griggs et al, 2020). As a result, metabolic
heat production for a given external workload is
significantly greater in those with CP (Maltais et al,
2004). This lower efficiency of movement and higher
energy cost can cause an earlier onset of fatigue,
exacerbated by an additional environmental heat
load (Griggs et al, 2020).

Figure 1 - Shows the difference in rectal temperature between
children with cerebral palsy and a control group during exercise
sets in a climatically controlled chamber. Cerebral palsy (CP)
group show significantly higher rectal temperature than control
group (CON) after exercise periods commence (filled boxes).
The subjects with CP started to significantly gain heat from 32
minutes in the chamber onward. This did not occur in the CON
subjects until minute 58. Source: Maltais et al (2014)

To get a clearer picture of these effects, it is useful
to take a look at some of our case studies. Scottish
wheelchair rugby player, Gemma Lumsdaine, has
CP and often struggles to regulate her temperature
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during training.
She told WheelAir: “For me, my circulation is quite
intensely affected. So I’d say it’s less of an overheating
problem I have and more a difficulty regulating my
body temperature.
“Because of this, I tend to get too cold more often
than I get too hot. However, when I am playing sports
it is a different story… I get very hot. This can affect
my performance. I think this is less to do with my
condition and more to do with the exercise and how
intensely I am pushing myself.
“Being too hot affects my training because it makes
me feel physically uncomfortable. I would say if
you’re really hot it can affect your focus. It can be
very distracting to have to keep cooling down. I tend
to play through the discomfort because for me, it
doesn’t get unbearable. However, I reckon the cooler
you are the easier it will be to perform at your best.”
Our case studies also point to problems with
overheating beyond exercise, however this is not
reflected in the extant literature. Sophie Bevan is
another wheelchair user with CP who struggles to
regulate her temperature, not just when playing sport
but in her day-to-day life. As someone who leads
a very active life - whether it’s playing wheelchair
basketball or helping students at her job as a student
services administrator at a university - Sophie gets
frustrated by the effects of overheating that stem
from her condition.
“I struggle with overheating in my wheelchair
because of my cerebral palsy,” she said. “This affects
me the most when I am working and playing sports. I
hate that ‘sweaty back’ feeling that is all too common
on warm or busy days.”
After using the WheelAir slingback, however, Sophie
feels much more comfortable going about her day.
“The WheelAir has had such a positive impact on my
life,” she continued. “Everyone in my office is very
jealous! I can keep my cool even when dealing with a
particularly stressed student!
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“Best of all, it keeps me sweat free! I’m loving the
fact that at the touch of a button I can gently blast
cold air around my back and cool down quickly which
thankfully also gets rid of the sweaty back feeling.”
“Best of all, it keeps me sweat free! I’m loving the
fact that at the touch of a button I can gently blast
cold air around my back and cool down quickly which
thankfully also gets rid of the sweaty back feeling.”
In a study by Victoria Curling and Suzanna Shari
from NHS Guys & St Thomas Wheelchair Services
(Kings College Hospital), issues of overheating were
highlighted with another wheelchair user with CP.
Mr R has extreme temperature regulation issues
and tends to scratch his knees and forehead, as well
as develop redness on his back as a result. These
longstanding issues proved to be a challenging factor
when manufacturing an intimate seating system.
Victoria explained the difficulties in keeping him
cool: “Mr R had tried most if not all of the solutions
available. Each solution had its own merits and
worked in their own way... His mum had used up to
four desk fans behind and in front of the chair, but
the padding that lines the seating didn’t allow for
effective ventilation and wasn’t very portable. We
also tried a few of the smart materials like bamboo
covers, but they did not provide a noticeable enough
improvement to make him more comfortable.”
While some solutions offered slight improvements,
nothing drastically influenced his ability to cool.
Mr R’s Occupational Therapist, Suzanna Shari,
eventually saw the clinical need for the WheelAir
system for him, which is how the case for funding
was made.
A prototype was made and, although adjustments
had to be made, after the 12 month study it became
clear that the WheelAir had significantly improved
his daily comfort and that of those around him. He
now needs his clothes changed only once per day,
barely shows any sign of sweating anymore, has
reduced redness and his mother no longer has to
wipe perspiration from his face.
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There is a clear gap in the current body of research
on the effects of overheating on wheelchair users
with CP. We feel this is a somewhat overlooked, yet
common, problem for many on a daily basis. As the
above testimonies highlight, temperature regulation
is an issue for wheelchair users with CP throughout
the whole day and not just during exercise, as the
existing literature would suggest.
Katy Griggs, senior lecturer in sport engineering
and physiology at Nottingham Trent University,
has conducted important studies on the effects of
overheating on individuals with a spinal cord injury
but also feels that the effects of heat on individuals
with cerebral palsy requires further academic
attention.
“There is very little research on the effects of heat
on individuals with cerebral palsy despite it being an
important area of study,” she told WheelAir. From an
academic point of view, it is very difficult to conduct
research studies on this population group due to the
heterogeneity of the population group and hence
severity of symptoms varying significantly between
individuals. Therefore a large majority of research in
this area is case study work and often does not get
published, hence the information is not accessible
for all”
Griggs agrees that the anecdotal evidence and, albeit
limited, research does show that some individuals
with cerebral palsy do suffer from issues related to a
thermoregulatory impairment.
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