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Research in seat design and comfort has 
seen continued growth, especially in relation 
to those who have lost ability to control their 
thermoregulatory feedback mechanisms. 
These mechanisms would usually warn  
the user for impending skin damage due  
to hyper-humidity and hyperthermia1.

Who Needs WheelAir?

The thermal properties (heat absorption and dissipation) of a 
cushion and backrest clearly play a vital role in comfort, more so, 
research shows it could also have an influence on tissue viability and 
consequently skin ulcer formation2,3.

While the correct pressure relieving cushion or backrest is important, 
their risk of causing excessive heat and moisture build-up can heavily 
impact the risk for pressure ulcer development4. 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.

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 symptoms5. 
Furthermore, it is also necessary to highlight the importance of 
thermal comfort: the state of mind where one is satisfied with the 
thermal environment. Studies show that overall thermal comfort is 
often dictated by local comfort.

At WheelAir we identified three core user groups:
General discomfort (no sweating dysfunction) 
Over-sweating (increased sweating/hyperhidrosis)
Overheating (reduced or no sweating/hypohidrosis)

WheelAir assists these three core groups by offering long lasting and 
controllable isothermal airflow as well as enhanced back support to 
maximise independence and comfort.
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Prevention > Treatment 

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% (2.2˚C) temperature rise all together.

The graphs on the next page suggests the back’s response to the 4 airflow levels 
in different ambient environments:
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The Need For Heat Exchange

Our three core groups exhibit a variety of conditions, 
however, studies show those suffering from neurological 
conditions such as Cerebral Palsy (CP), Multiple Sclerosis 
(MS) and Spinal Cord Injury (SCI) struggle most with 
thermal management as well as needing adequate 
postural support.

Factors such as thermal stress are known to influence human performance 
and effectiveness, both psychologically and physiologically. Numerous health 
professionals have agreed that humidity of the skin and temperature are factors 
that lead to infections or irritation problems, often leading to pressure sore 
formation. It needs no reminding that pressure ulcer treatment costs the NHS  
an estimated £5.3 billion each year6.

It is said roughly 70% of all heat generated within the body comes from the basic 
functions of the organs in the body. Another 20% stems from physical activity, while  
the remaining 10% is necessary for body thermoregulation or temperature control.

Throughout the day, the body uses four mechanisms of heat exchange to maintain 
homeostasis: conduction, convection, radiation and evaporation. Each rely on the 
property of heat to flow from a higher concentration to a lower concentration and  
vary depending on the conditions of the environment. WheelAir’s technology  
influences all four heat exchange mechanisms.
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Conduction
Conduction is the transfer of heat between two objects when 
in direct contact with one another. While the airflow initially is 
pushed through two channels on the highest heat generating 
zones of the back, over time the 3D spacetec® layer will evenly 
distribute the airflow to the full contact area of the backrest, 
cooling down the full area in contact with the body.

3% of body heat is lost through conduction

60% body heat is lost through radiation

Radiation
Radiation is the transfer of heat via infrared waves that occurs 
between any two objects when temperatures differ. This is a 
natural process that occurs and will be amplified by the full 
cooling process offered through the WheelAir.

20% of the body’s heat is lost through evaporation

Evaporation
Evaporation is the transfer of heat by the evaporation of water or 
sweat by using energy from the skin to turn the water molecule 
from a liquid into a gas. The rate at which evaporation occurs 
depends on relative humidity. The isothermal WheelAir airflow 
lowers the humidity level, increasing the evaporation heat 
exchange rate.

Convection
Convection is the transfer of heat to the air surrounding the 
skin. The isothermal stream of air supplied by the WheelAir 
fan box takes the heat away from the body by flowing past it. 
While the warmed air rises away from the body, it is replaced 
by cooler air that is subsequently heated.

15% of body heat is lost through convection

The WheelAir creates a constant flow of isothermal air, 
taking away that excess heat and moisture, reducing those 
risks of infection and irritation associated with humidity and 
temperature. Additionally, it is designed to reduce exhaustion, 
pain and discomfort caused by over-heating or over-sweating.

7WheelAirClinical Indications Extended Rev 2.0
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Hypotheses 1
If using a normal wheelchair backrest cushion, 
what is the average rise in temperature of the 
user’s back within 30 minutes (T0.5A) and 3 hours 
(T3A) of sitting against that backrest cushion?

Hypotheses 2
Starting from T3A and then turning the WheelAir 
on, what is the drop in temperature measured at 
3 minutes (T0.05B), 30 minutes (T0.5B) and 3 
hours (T3B)?

Temperatures were measured at three points  
on the lower back of the wheelchair user, with  
an eight centimeter difference between them.

Does WheelAir Really Work?

Experiments were conducted to clarify 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.

Skin temperature of women has been proven to be higher than that of men7. 
Therefore, 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 combined, while Group C consisted of men only.

8 WheelAir Clinical Indications ExtendedRev 2.0
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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. Over a prolonged period of time, the 
back temperature seems to stabilise with the ambient environment 
temperature. This indicates that there would be no build up of heat  
and moisture.
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Results
1. 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. A lower 
increase in temperature (1.5˚C or 4.41% increase) was 
measured when the environment temperature was 18˚C 
compared to when the environment was 24˚C (2.6̊ C or 
8.23% increase).

These results are in line with different wheelchair user 
temperature test conducted by Freeto et al. in 2016 and 
described in the Journal of Tissue Viability8.

2. When then turning the WheelAir on after that 30 minute 
period, within 3 minutes the user’s back temperature on  
average has decreased 2.4˚C or a 7.14% decrease. 

Using the WheelAir 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.
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In theme with prevention, WheelAir focused its 
development on academic research discussing 
overheating for wheelchair users and the 
benefits of pre-cooling.

Pre-cooling means starting the exercise with a lower body temperature 
to slow down the process of reaching a critical limiting core temperature 
which contributes to fatigue. Studies show that pre-cooling of athletes 
with SCI effectively reduces the effect of an increase in core body 
temperature during exercise. However, the cooling strategy is important, 
as a sharp decrease in skin, core or muscle temperature prior exercise 
could have a detrimental effect on performance9.

The studies show that once exercise has commenced, the temperature 
of the body will keep rising for a certain period, even after exercise has 
stopped. Similarities were found during post-exercise WheelAir tests.  
When turning the WheelAir on after 30 minutes of exercise, the cooling 
down of the body after 3 minutes came to 3.16% compared to a 7.14% 
decrease when using the WheelAir before any exercise. This again 
reiterates the push for using the WheelAir from the start of the day, 
increasing and decreasing the fan speed where necessary but  
avoiding the heat and moisture build-up.

Physical Activity
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Our evidence shows that limitations were found 
in relation to high environment temperatures, 
which reduces the temperature difference that 
drives convective heat transfer when blowing air. 

High Environment Temperatures

Heat transfer through convection requires a temperature difference.  
The amount of dissipated heat is strongly correlated to the difference. 
Studies show that while – in an environment temperature of +32˚C –, 
the perception of the user’s comfort in relation to thermal heat starts to 
become neutral or negative, the convection still has a positive effect on 
latent heat transfer (removal of sweat) or evaporation heat transfer. 

The ideal humidity for optimal effect of the WheelAir isothermal airflow 
is below 70%10. As visible in the above graphs, the actual temperature 
measured at the back still decreases on the two highest settings during 
higher ambient environment temperatures.

11WheelAirClinical Indications Extended Rev 2.0
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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.

Pressure Mapping

Data006 Frame 3 of 200 (21/08/2018 15:00:59.28)
Tekscan Pressure Measurement System 7.01C

 0  12  23  35  46  58  69  81  92  104  115  127  138  mmHg

A user’s back with a WheelAir in normal upright position* A user’s back with WheelAir in the tilted position*

Data005 Frame 1 of 200 (21/08/2018 14:54:16.51)
Tekscan Pressure Measurement System 7.01C
action 2 tilted back

 0  12  23  35  46  58  69  81  92  104  115  127  138  mmHg
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When tissue perfusion is insufficient 
to meet the metabolic needs ischemia 
occurs and can eventually progress to 
tissue damage. 

*the pressure mapping device was non-calibrated

Moisture from the skin, often a result of sweating, has been 
shown to weaken the cross-links between the collagen in 
the dermis and soften the stratum corneum. Moisture can 
also increase the skin’s coefficient of friction, leading to 
increased damage due to shear stress. 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.

13WheelAirClinical Indications Extended Rev 2.0
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Heat and Moisture  
Exchange Materials

As a company, WheelAir perceives the durability and 
stability of fabrics and foams in cushion construction 
of equal importance as the airflow benefits. Improved 
pressure distribution and stability are directly related 
to the ability of the body to submerge in the cushion 
so that the load is spread over a bigger surface area.

The backrest was carefully designed for optimal pressure distribution by 
using three types of Viscoelastic foam with indentation hardness ranging 
from 3-10 KPa. Viscofoam (or memory foam) is usually not suitable due to 
its heat generating properties, however, with the airflow system built into the 
foam, the user can benefit from the pressure distributing capabilities without 
overheating. Our users also describe the WheelAir backrest a much more 
supportive and posture correcting compared to regular sling backs.

To further optimise heat and moisture redistribution, we chose to place high 
quality Coolmax® fresh FXTM fabric next to the user’s skin. This reduces both 
the humidity level as well as maintaining a good balance of microorganisms on 
the surface of the skin.
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Extra Notes
Each client’s individual circumstances and conditions must be considered against 
the full range of equipment and interventions available. The WheelAir backrest will 
be just one of many considerations and individual needs and preferences will vary in 
every case.

A study by Sales et al. (2017) to define the thermal comfort of seats through infrared 
thermography observed that in most seats the temperatures of the backrest and the 
seat behave similarly.

The goal should be to keep the core temperature around 36.5-37.5˚C.

There is a case to be made when evaluating WheelAir as an individual environmental 
control system against a generally controlled environmental temperature. A study 
showed that by using an individual control system not only the thermal management  
of the participant improved, but their satisfaction increased too.

Important to note is that the WheelAir has built-in channels that guide the airflow, 
spreading it evenly over the user’s back, rather than blasting airflow on one specific  
point of the user’s back.

More Information
View and download all of our case studies at wheelair.co.uk/case-studies/ 
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Email: info@wheelair.co.uk  
Tel: +44 (0) 141 432 0425

Contact Us

Instagram: WheelAir_
Twitter: @WheelAir

Follow Us

For more information visit 
wheelair.co.uk

Find Out More


