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A smaller version of the lattice is added to the
. . . . IC* ‘ housing area for the residual limb, so that the limb Prosthetic socket
I ntrOdUCthn tO hyperhldrOS|S aﬂd the reS|dua|. Our PrOStheSIS° We have chosen to use a gyroid st for the can rest comfortably against the smaller triangles,
internal structure of the prosthetic limb whilst also having access to air flow from the internal

l.l m b. We have designed a lightweight, secure and breathable prosthetic which will help to provide airflow to the We have chosen the gyroid structure as it is used in structure. This will reduce the heat build up around Materials e et s:::ll(c:t-ifglgg
. residual limb reducing temperatures surrounding the limb and therefore mitigating the effects of residual aerospace and automotive industries due to being able - e il el i e e e e (el sl o 8
) ) ) ) ) ) limb hyperhidrosis. Our solution will not only counteracts the effects of a condition exacerbated by climate to withstand harsh environments, such as shock and .:';;;-';xj::;‘}\ residL’Jal limb hyperhidrosis from occurring
What Is hyperhidrosis; how are amputees with prostheses disproportionally affected? change but may help to solve an even larger prolific problem for all amputees vibration, both of which will be encountered with the 33&3}{5}‘ b ' Alkali treated Banana fibres have a very high
. :_‘S;fb e . . o o
Hyperhidrosis is excessive perspiration that exceeds what is typical for being in a hot environment, exercising, or . _ _ ' day to day use of a ‘leg prostietic Furthermore, th? .[;jj;ﬁﬁgﬁx:::: \ '{ b The Outer shell and the support area for strength to weight ratio r.nak|ng‘|t able to pear
experiencing nerves Transtibial amputations are the most common type, so we found it appropriate to focus on a below the structure has a very high surface-to-volume ratio which ,_--;;abqbq'gq.::::)< }4 9 e M s e o & [epeetlis a large load. It has a high moisture regain
Despite only affecting a small percentage of the overall population, over 53% of people with amputations experience . d!“?je perSthlettE' I?.tor](cj;: t.o readtwhas _manytsmputete'S stru{sz;glltnfg thth h;t/)pirmdrosw o pissfle' Many frestuhlts " hd|ghly efﬂloefnﬁ heta]z transfer. T(: ltShWIH a_l(;ovvl F’ : triangular structure. We have chosen ngmng thfat t abshortl)'s st;/veat eflfllmerr]]tly'
discomfort due to hyperhidrosis in their prostheses. Although hyperhidrosis of the residual limb is common there is 'ndivi ' uha ?c‘ra.m efito : €ir pros eS|fshas eh.r(l;os ' |mpoLan eﬁ ulrle, ut as many pro; € 'lCS reqlliwe‘a Olr be frap'll' rergot;/a Qﬂ eaf rom;lroun ? re5|l ua this shape because when a load is Reinforcement - provi mg‘com e AL ag we ?S aving
no specific agreed upon method of treatment However, medical professionals agree its cause is likely due to a lack vehry Eg t fit, it Wr:)rsens.t e syrr;]ptqms o‘ hyrr)].er‘l ro.5|z. Ratder Fgc@;ca Y, excessdperspwitmn a s.l(C)j mz es it |lm ,‘ amhltatlte g y §1|r lovv OIrorrhw t E open tr|a3gL:1ar b T A 3 Banana Fibres a fast moisture re.lease, preventmg bwld.—up of 75g - £0.29
of ventilation caused by the enclosed environment of the prosthetic socket, as it causes there to be a reduced ar e.r to attac .certalr.l prost .etlc.s. With t IS. In- min . we decl e. tq c.reate a. esign that vvou. re. uce .att|ce .s ell, e ect|ve.y reaucing neat arogn t g [ triangle, the force is distributed along 259% dampness unl.||<e other materials which |
surface area for heat dissipation which when paired with the occlusive nature of the socket leads to increased these issues, by increasing ventilation of the limb, whilst also maintaining a high level of functionality to residual limb and reducing the effects of residual limb s sldes, The o sides Beie die lsad promotes bacterial growth and prevents skin
temperature and sweating of the residual limb and the nerve-related compensation for the loss of sweat glands. B PR ES CEm Hrhie T Erelr oy s azy hves MPEN TETOETS GEEMTTINE: experience compression whilst the third |r‘r|]Elat|on. ;ias.a porous Ztr_tiéture lal‘lovv|lng
Current prosthesis proves insufficient to solve this issue. . L _ . ‘ o side is under tension, pulling it airftow, reaucing ;wegt urtd up. tis also
Skin desensitisation is used to prepare the residual limb for prosthetics, which is followed by the use of . : : biodegradable, making it eco-friendly and has
compressive bandages, though not all individuals may have access to the correct, or most efficient ones sideways. This balance of compression turall tibacterial
What issues are caused by hyperhidrosis of the residual limb? ! S8 SIOTET | / '. ’ and tension makes the shape very el Gt S e
, . . , o , o which would reduce ventilation to the limb. One of our concerns when producing the concept for a L
Not only does hyperhidrosis create physical discomfort for amputees, but furthermore it is considered a significant biesitiahle prosdede i, wes ek it purpess mey be defeaied by non-ermesble compression strong and stable, making it ideal for
contributor to poor skin health, fit and function. It can lead to numerous conditions such as contact dermatitis, techniques. Therefore, we took éreat A N ) T use in a prosthetic, as it will continually Has a high flexibility, making it suitable to
recurring skin infections, blisters and hyperplasia all of which require expensive medical treatment and the use of breathab.le prosthe"tic st ain el Bresins sle soerenes, unlFineered by toT-sresthalle lirers. ur have pressure exerted on it. This lattice Matrix — Water make to each individual socket. Is one of the
siterele s, [FotemiiEll Samaging Sd iif Lsed for exEnsied pensds ef e prosthetic is body powerled so medical professionals need to t’)e wary of who they provide the prostﬁetic to allows for the prosthetic to have borne IS (NS EEl G 198 DHEEE s, EleniIng &l
Excessive sweat can additionally cause the liner to slip, compromising the suspension of the leg prosthesis, which s frailer patients may rrlot be able to produce the effort required, thus it should be ensured that the ' structural integrity whilst allowing Polyurethane flow, reducing sweat build up. The 1808 - £0.9
can lead to prosthesis dysfunction, danger of falling and discourage the user from wearing their prosthetic. L L : . . . hell of airflow through the internal gyroid resin 60% combination of the polyurethane and the '
individual has reasonable strength. This is highly important in order to prevent excess strain on the Internal Gvroid structure Outer shell o . ,
O y th structure to occur & silica nanoparticles creates a 15 - £0.26
: : : L | prostneses il hydrophobi b king it wat e
How do climate change and global warming affect hyperhidrosis within amputees? silica S EMPENBEIGIBIE ITEBIEE et g Ik Hedsr
- , , nanoparticles repellent, preventing the build-up sweat
Global warming increases the global average temperature and causes more extreme heat in summer worsening the 59 without compromising the breathability
symptoms of hyperhidrosis parUcula_rly In couqtnes in the Middle East and North.Acha, wh|c.h experience | allowing water vapour to escape
accelerated climate change. These countries are projected to face up to 9 degrees Celsius of warming by 2100 posing
severe challenges to amputees. This is due to dry deserts in the regions which cannot cool down properly as there is l TH thatic will be attached us breathabl
. . . : . : ) ) . . S e e prosthetic will be attached using a breathable ST
no soil moisture evaporation. Climate scientist Georgiv Stenchikov warns “Desert regions warm almost as fast as DeS|gn An a S | S ( o , Prosthet|c [|ner
polar regions, and they have much higher temperatures” as the central Arabian Peninsula is currently experiencing y PIOSIEHE [InEr e of polyester SpREE e
. . ) . fluorocarbon-free DWR, Bamboo fibres and open
global warming at a rate three times faster than the rest of the world”. The rising temperatures that accompany LB A on for the Limb
climate change will cause those who already suffer with this condition to have worsened symptoms, and those who The flesh toned prosthetic € Oim pdm\élt mhg cor?prﬁsls;oln or.t eth|m ’ The spacer fabric is woven in a 3D structure in
don’t struggle to begin exhibiting this condition and its symptoms, having knock on financial and medical L hel e th suppor‘ and attac men' W, - <§ep|ng © such a way that there are air gaps between the
L cover will help to make the prosthetic breathable. This liner clips over the . :
consequences for both amputees, the NHS and The world Health organisation. : - : . : layers, to facilitate air flow, to reduce sweat
prosthetic look more like 2 pEHal el eIRiS (e uie g [ el Outer layer - build up as well as acting as a cushioning layer,
regular limb, making it more v positioned at the base section where the prosthetic polyester spacer : & Y fort Thg wester fib S 1ayer,
accessible to individuals who > 1 body meets the pylon. This is then pulled over the fabric + © pro(;n ebclom odr l hte potsk/]es ert treihare m”2 -
The mirrored use of prefer to hide their \.: E limb, acting as both a breathable compression and Fluorocarbon- Verr?atirr?alse;dndinlgtoetrse cj)rr]mig(r)ts T(E]e o =2,500
triangles in the foot prosthetics. 4 a means of securely attaching the prosthetic to the Free DWR S '
. : 4) L : : Fluorocarbon-Free DWR acts as a sweat
section and lattice helps to leg, by pulling it over the residual limb and knee. : .
lightweight the prosthetic 1 E repellent without compromising the
Contact dermatitis as a result of hyperh|dros|5; whilst also allowing it to IS g . breathability of the liner.
keep '_ts S’Eructgral mtdegrlty, The foot of the prosthetic is fitted P<
pLtting tessidemanadion on a hinge joint (to mirror the > ' ' '
The most reported skin condition in patients with limb amputation is residual limb hyperhidrosis, characterised by the limb, and further synoviagl j:)int o(f e anlde) \j '_ The base of the prosthetic is made of an adjustable pylon. This will allow for a variety Trtf bambootﬂbris are _|dteal for akn mnir la;ge_r a3
excessive sweating in the area of amputation which can lead to severely debilitating skin irritations and dermatitis. The reducing exertion and allowing the foot to adjust to the s of heights, ages and body types to use the prosthetic and adjust it to their desired eydarelna gra y m(?s ure w!ckllng;, absor Tg
physiological explanation for the condition occurring is not understood but is theorised to be due to the sweat glands in the sweat. werlin the e val s welking € height. The product is made further accessible by having and internally threaded anb deeaS|ng];csweat Vlirquuf J otprel\[en
area of amputation compensating for the lost tissue, in combination with the lack of evaporation of sweat beneath the on. We have prevented over B section (prosthetic body) and externally threaded section (top of pylon) to change the Inner laYer - . o l;p (l) >wed t atso das nd ufra t'y 1202%
prosthesis which can be worsened by raised temperatures. » . foot attachment for a more sports-oriented attachment, allowing the product to be Bamboo fibres + SLHINTEIBEEE [SOPEs 10 EREas MISEERI '
rotation of the foot by adding L : : Open cell PU and odours. The bamboo fibres are also soft and
rounded stoppers which will press used in situations where airflow is even more key p “ " in. T L PU § 0.01 m3 -
Contact dermatitis is consequently caused by the skin's lack of ability to adapt to the build-up of humidity, pressure, heat o ' ' . . . foam gen .e Of Sensitive skin. .e open ce 0am £3
o . - . . . : . : The foot is fitted with grips but also into the pylon preventing rotation. Is highly breathable allowing sweat vapour to
and friction in the prosthesis, as well as a greater probability of bacterial accumulation. Dermatitis of residual limbs is " - : : ; :
. . . . . . . . . - . reflects traditional foot anatomy, allowing This allows for the prosthetic to pass through to be evaporated and aids air
characterised by skin maceration, ulceration, swelling and increased trans epidermal penetration which facilitates bacterial ' . . : : : . . : :
. . . . " . ) the prosthetic to be worn with or without mirror the normal rotation and circulation and is lightweight and flexible to
infection. Around 75% of limb amputees have related skin conditions, of which the most common treatments are topical , _ .
- - - . . a shoe. This makes the prosthetic movement of the human foot, conform to limb shape
corticosteroids, which can cause cutaneous atrophy and reduced efficacy of treatment after prolonged use, and Botulinum L , -~ : making it more functional than the
toxin, which is successful in reducing sweat production but does not affect pain. Therefore, it is necessary to design an acce5.5|d‘e‘(§o clertamf comn;]gdmtlﬁs.W ere fixed feet often seen in modern
alternative solution to this highly prevalent problem which helps alleviate symptoms, pain and has few side effects with ‘ndividuats pre er.to el aner . Other
long term usage prosthetics. day prosthetics.
) \ Lightweight — reduces fatigue-and energy
: expenditure when walking
fibre f . . £450
) \ Carbon fibre foot High tensile strength — can support body
iy - > < i - y Fatigue resistance — can withstand forces

without cracking

SOClal acceptabillty and psyChOlog|Cal Corrosion resistance — will not rust or degrade

Carbon fibre pylon in moisture £30

. . Customisable - can be moulded into various
Impact:

shapes and sizes according to consumers need
Sustainability & Global Scaling:

A loss or lack of limb can have severe psychological impacts on an individual, with C ll N | Cal trlals. Phase 2: Functional Testing (50-100 volunteers) Long—term government subsidies would support scale-up in Labour costs _ £1200
social attitudes playing a major role in self-perception. Many of the countries that are ° Estimated duration: 4 weeks resource-limited areas (where the support of NGOs may further
most affected by climate change, such as those in Asia and Africa, often have o o _ ' In a larger trial amputees will wear the prosthesis over a longer duration of 4 weeks. A range help alleviate the inevitable initial high production costs due to
collectivist ideals, thus leading to some individuals with prostheses having an + liree-Enzse cl|.r1|'cz';1l trlal. W'l_l 0% Prepose alongs.|de th.e PIOELENR mgdel to ensure of geographical locations will be selected to test the design in both hot and temperate the implementation of a novel design.) Manufacturing guidelines
increased desire to fit societal expectations, and a higher preference for realistic global accessibility. This will allow the prosthetic design to meet medical safety ~>climates to measure the impact of residual limb hyperhidrosis varying locations. The different and CAD designs will be publicly available to support the rollout of
prostheses. Furthermore, some of these regions can be quite aesthetically driven, and SRS, WSt 2150 [Emelmning glolelly aauEssi.e. parameters assessed will be based around the following factors: stability of the prosthetic, our prosthetic in areas suffering from humanitarian crises and war Cost Management & Local Production:
so is another determining factor for a greater need for more natural looking prosthetic wear and tear, liner slippage, incidence of falls, and skin temperature. Patient satisfaction will zones, where amputation rates are especially high. s uction:
legs. This contrasts with the western world’s preference for bold and personalised Pre-clinical Phase: Material Safety & Skin Compatibility be recorded via questionnaires, with common themes for improvement informing further Banana fibres - to be sourced from banana farm waste partnerships, targeted in locations
prosthesis designs. To cater to both these approaches we have created a flesh toned Estimated duration: 6-9 months refinement. where temperatures and amputation rates are high.
prosthetic cover, as well as the option to modify the colour of the outer shell to create Dermatological testing of composite materials (i.e banana fibres, bamboo, Labour costs - form a significant part of the cost of the limb by using 3D technology to
a more customised prosthesis. polyurethane, and nano-porous silica) used in the prosthetic socket and liner on . ' Prototype development make the limb, labour would be reduced over time. Also, manufacturing the limb in
synthetic skin models. Testing will measure the following factors: allergenicity, , countries with lower cost range would make it more affordable.
Studies show that prosthetic devices benefit individuals by aiding their return to work, prevention of microbial growth, breathability/moisture wicking, and tensile strength. PR 3}2?{:;2222“&’;2?::% (11258V+e;/iiunteers) S pre-clinical testing Government and NGO funding — Grants will allow further research and trialling, and may
however the excess perspiration and discomfort caused by the symptoms of 6-9 m‘onths‘ of testjng will a‘llovv sufficient ti‘me to‘ focus on material ;afety and The final trials will be used to compare our propos.ed model against standard prostheses in ) ) | cover some of the manuchturing cost on this produ;t.
hyperhidrosis being heightened by non-breathable prosthetics, can make this return iterative testing to refine the prosthetic design before human trials. lower-limb amputees who will be selected from both urban and rural rehabilitation centres SN Phase | trial Timeline Othgr matenal; — mass prod‘uctlon of materials from locql s'upp‘hers will reduce t.he overall
more challenging. By ensuring this breathability, it can help make a patient's return to . across regions with varying climates. Patients will be randomly assigned either the control , Key: A .by getting the mater@ls at a reduced offer and ehmmatmg cost of exporting. Also
work more pleasant, allowing them to reap the benefits of returning to a normal Phase 1: Skin Health & Comfort (10-20 volunteers) group (who will continue using their existing standard prosthesis) or the trial group (who will month 18 Fhase Il izl ebia it given the socket materials are perforated the materials would be less anyway.
lifestyle. ESHITERE) IR, 2 FHEEE switch to our more breathable prosthesis.) The trial will run for 12 weeks and participants are 3D printing of the socket will enable a custom fit t_o further enhance the comfortability of
Initial human testing is in a controlled environment, measuring the effects of wearing . . : ' : ) : the prosthesis.
) ) o . required to wear their prosthesis for at least 6 hours per day. The following areas will be month 24 Phase Il trial
Some individuals also struggle with taking part in certain physical activities and sports t.he.prosthey.s for 4—6.hours daily over 2 weeks. The aim is to MEEEUTE the impactson __J investisated tlenableifinaladlustments ot eldesientor thelprosthesistincldence ot Manufacturing Strategy:
for fear of damaging their prosthetic. To ensure that this apprehension is reduced, the skin integrity (i.e svveatmg yolume, Fomfort and any dermatological issues encountered). orosthesis removal due to discomfort, severity of skin breakdown, infection rates, temperature month 30 Pilot manufacturing Partnerships will be established with pilot production hubs in countries with high
foot of the prosthetic can be changed to accommodate other sport-specific Feedback from the participants will be used to gather data to adapt the model where and humidity within the socket contributing to hyperhidrosis. amputation rates and low-cost labour (where research has suggested that India, Pakistan
attachments, such as paddles for swimmers. This will help amputees to participate in necessaty. month 36 Scaled rollout and Kenya are most fitting). From there, materials can easily be shipped and flat-packed

their hobbies, helping them to enjoy their personal interests, and improve their place

to be assembled locally, thus maximising the global accessibility of our product.
In society by playing with others.



