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This design research led by Reed 
focused on the development of a 
brassiere to improve the treatment 
accuracy, and dignity for women 
undergoing radiotherapy for breast 
cancer. 

In the UK, every year, around 
55k woman who have undergone 
a lumpectomy (the removal of 
cancerous tissues) will require a 
course of radiotherapy. The therapy 
involves a series of separate breast 
irradiation treatment sessions. Many 
techniques for breast irradiation 
are used and vary in procedure 
across NHS clinics. However, all 
require the patient to undress from 
the waist upwards while up to 4 
staff (including men) adjust their 
position in preparation for treatment. 
Positioning of the breast is 
important to avoid radiation doses to 
organs at risk (OAR) and to increase 
reproducibility to accurately target 
the cancerous cells.

Reed explored patient and staff 
experiences and requirements for 
a support garment that balanced 
accurate positioning of the breast 
that was acceptable to patients 
and helped to maintain modesty. 
Initial designs were developed in 
response to findings from this phase 
of the study.

Working concurrently with 
radiologists, industry, patients and 
health-care professionals, these 
were refined using an iterative 
design research cycle. The final 
outcome of the research was a 

support bra which was the focus 
of a Clinical Feasibility Trial in 
compliance and approved by the 
Medicines & Healthcare products 
Regulatory Agency (MHRA). The 
study showed significant benefits in 
reducing negative effects to OAR 
and improved modesty and dignity.

The outcome of the research has 
achieved patent and commercial 
licensing in negotiation. This 
research was selected as one of the 
Top 100 University Breakthroughs. 

The study further sought to quantify 
if new interventions are capable 
of streamlining therapy processes 
across clinics, and provide self-
monitoring materials through the 
use and adoption of Support4All 
Bra. This research was funded by 
the NIHR i4i.

Above: Setting up the custom designed CT scan mannequin during pre-patient 
use/prototype bra testing 

https://www.shu.ac.uk/art-design-media-research-centre
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Prototype design used in the 50 patient 
Clinical Feasibility Trial.

Production manufacturing drawings and device specifications.

Granted international patent. Published Clinical Feasibility Trial 
outcomes reporting reduced negative 
effects to OAR.

Research selected as one of the Top 100 
University Breakthroughs.
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- Establishing insight of experiences of woman undergoing post-operative
breast cancer.

- An iterative cycle of design development and testing.

- Development of custom phantom technologies enabling clinical
evaluation, and enhancement of concept designs.

- Understanding product service and supporting system intelligence
- Consideration for manufacture and production.

This programme of research involved:

Heath Reed presenting abstract ‘New to me, New to world’ at S&S 2019.

A key aspect of this research was to establish a level of scientific,
logistical and end user (patient and health care practitioner)
knowledge within the design team, so as to develop and propose
appropriate product and system solutions.

Aspects of this method of ‘introspective new knowledge’ building,
leading to ‘new to world’ knowledge are reported in Dissemination
‘New to me, New to world’, presented at the Senses and Sensibilities
Conference, ‘Lost in [G]Localization’ (S&S, Lisbon, Portugal, 2019)
(http://senses2019.unidcom-iade.pt/).

http://senses2019.unidcom-iade.pt/)
https://www.shu.ac.uk/art-design-media-research-centre


Early-stage tissue manipulation and 
positioning concept based on working 
group discussion and presented to them 
for feedback.

Alternative concept informing require-
ment for bra ‘lift’ and ‘push’ integration.

Illustration of proposed solution, after several iterations incorporating key performance 
specifications.

Bench testing a production method for 
a standard bra insert to evaluate perfor-
mance, positionality and repeatability.

Trailing early-stage bra insert 
design on the first iteration bra and 
‘phantom’.

Mark 3 of bra design showing proto-
type inflation insert 
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Having identified an unmet need for a 
stabilising and positioning garment for 
use during post-operative breast cancer 
radiotherapy, and a desire to improve 
dignity for women undergoing these 
treatments, a number of early-stage 
concept designs were generated based 
upon clinical requirements as defined 
by radiotherapist, HCPs and by end 
users through stakeholder workshops.

This included eight NHS radiotherapy 
staff and ten former patients in seven 
workshops.

Several concept designs were 
visualised and presented at the 
stakeholder workshop sessions to 
co-create several concept iterations. 
A physical design emerged that 
incorporated the provision of a product 
with capabilities to be personally 
modified for fit, within a potentially 
standardised bra garment range. This 
was to ensure both a customised fit with 
the wearer and facilitate reconfiguration 
to allow breast tissue repositioning 
appropriate for tailored radiotherapy 
treatment to ensure minimisation of 
radiation doses to organs at risk 
(heart, lung). Further development 
considered integration within the 
bra garment of inflatable air pockets 
(air being a medium that minimally 
attenuates radiotherapy dose), such 
that breast tissue may be repeatably, 
correctly positioned for repeat 
treatments.

Establishing user insight and bra development

Several iterations of the physical 
design considering use pathway, 
dignity issues, technical/clinical 
performance and manufacture 
capability. Led to the Mark 5.1 bra 
design. 

https://www.shu.ac.uk/art-design-media-research-centre


Images: Early-stage experimenta-
tion using latex skin, ‘paste’ filled 
breast form envelopes, represent-
ing mobile breast structures and 
located over a ridged shell, figures 
018, 019. 

Selected mobile, custom phantom 
construction materials and meth-
ods, in conjunction with existing 
ridged phantom molding
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New products of this type require 
clinical approval for use; data 
validating the safety, efficacy, and 
technical performance in support of 
certification and CFT application. 
Often, where an entirely new 
product, procedure and treatment 
pathway is proposed, established 
validation methods do not exist. 

Further, in the early stages of 
development of a new product 
or device for treatment, it is not 
possible to test on living persons, 
where there is the potential for 
physical or psychological harm and 
risks to health. To mitigate this a 
series of tools or custom ‘phantom 
mannequins’ were created to which 
proposed bra designs were attached 
to simulate tissue manipulation.

The effect of prototype bras on 
mimicked tissue were recorded 
using spiral computed tomography 
(‘CT’) scanning, to help understand 
the impact on breast forms, simulate 
radiotherapy CT planning using 
a bra, validate proposed design 
function and use pathway, prior to 
actual human CFT project phases.

Internal organ mannequins 
exist (‘phantoms’), they are 
constructed from ridged materials 
exhibiting varying degrees of 
radio translucency (for imaging 
internal organs) but do not reflect 
the mobility of human tissue. 
A requirement was therefore 
identified for a lifelike mannequin 
representative of tissue mobility 
volumes and internal organ forms of 
the human breast. 

Research involved augmenting an 
existing male phantom mannequin 
with female anatomy that exhibited 
physical characteristics of mobile 
breast tissue. This was be used 
to investigate various parameters 
concerning the viability of concepts, 
including attenuation, treatment 
beam in relation to OAR, set up 
repeatability, the pathway of use, 
technical and clinical effectiveness. 
‘Proving the proof of Concept’; 
developing new methods and 
knowledge to evaluate products 
supporting cancer therapy’, is 
documented and disseminated in 
the Design for Health Journal, 2017.

Development of custom phantom to inform design 
development and enable clinical evaluation

https://www.shu.ac.uk/art-design-media-research-centre
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Development of custom phantom to inform design 
development and enable clinical evaluation.

The simulated phantom, assem-
bled with CT scan bed

The research team preparing the phantom for device performance tests.

The effects of a prototype bra design on the augmented phantom, visualised using CT scanner, showing positional relationship with ridged phantoms internal organs. 

Composite model/image of multiple CT data/imaging slices, creating three-dimensional representation. Example showing evidence of desired breast lift (left breast) and ‘push’ (right breast).

https://www.shu.ac.uk/art-design-media-research-centre


Examples of the refined user 
pathway illustrations used to elicit 
insight about existing and proposed 
use scenarios.  
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The development of the bra and supporting 
service level materials were informed through a 
series of health care practitioner and end-user 
(surviving breast cancer patient) workshops.

Workshops were facilitated jointly between 
Design and Radiotherapy specialists and 
included, visualisations of the anticipated 
processes during a radiotherapy session. 
Images were used to promote conversations, 
as memory prompting devices and use pathway 
definition tools, drawing on the experience of 
end-users of their therapy in practice.

Latterly, as the design and intended use 
pathway developed, more detailed user 
scenarios were developed to further define 
use pathways, guide discussions and 
additionally formed of key part of the ethics 
approval process approved by the Medicines 
& Healthcare products Regulatory Agency 
(MHRA). Workshops using these methods and 
materials were audio recorded, anonymised, 
transcribed and reviewed by the research team. 
Issues and recommendations that emerged 
were considered and integrated into physical 
designs and supporting materials.

Product and service support system requirements

Example illustration of current practice 
pathway step used as workshop conversa-

tion prompt used in the early-stage insight 
building.

https://www.shu.ac.uk/art-design-media-research-centre
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Based on feedback from all 
stakeholders the preferred design 
and systems technical configuration 
included curved air pocket features. 
This reason for this was firstly; to 
conform to the organic, compound 
(bending in at least two directions 
simultaneously) nature of human 
tissue forms (breast shapes), to allow 
integration with pre-formed bra cups. 

In addition to minimize the extent of 
undulation effect of inflated air pockets, 
about their periphery, where undulation 
folds and bends may;  (a) cause 
discomfort and poor fit and (b) where 
undulation of material surfaces may 
induce abnormalities in tissue shape 
(and dose distribution/dosimetry) during 
radiotherapy.

An extensive review of manufacturing 
processes for products with similar 
capability determined that compound 
curve inflation pocket manufacturing 
techniques were not currently available. 

Current physical designs and enabling 
manufacturing technologies of similar 
air pockets involve the use of at least 
two layers of flat sheet material, 
bonded, welded, or otherwise affixed 
together to form an airtight enclosure. 
The resulting air pockets, made 
from sheet materials in this way, are 
therefore ‘flat’ (broadly speaking two 
dimensional), pre inflation.

Changes to the shape and form of air 
pockets occur once inflated. These 
result in the undulation of the air pocket 
surfaces/material layers, particularly 
around the periphery 
(weld seam), as the material is being 
forced to stretch in different regions 
once inflated. The research concluded 
that new methods, techniques 
and processes were required to 
be developed to achieve desired 
compound curve inflatable air pocket 
sub-assemblies.

A number of production techniques, 
materials and processes have been 
researched, developed and tested 
to achieve non-flat air pockets, 
and described in the following, 
representative images.

Physical tests (images top right) 
evidenced the most cost-effective 
approach in very high-volume 
production scenarios. However, based 
on anticipated production volumes 
(UK 40K units PA) fabricated methods 
(images bottom right) were deemed 
the most cost effective for production, 
depending upon the production 
capabilities of the right to manufacture/
IP licensers.

This particular aspect of the 
research is subject to intellectual 
property disclosure and has 
therefore not been publicly 
disseminated to date.

Manufacture and production

Nitrile dip. A machined form/tool is CNC cut representing the desired air pocket form. Tools are 
dipped in liquid rubber solutions (Latex/Nitrile) and cured. Air pockets are attached to air tubes and 
incorporated with completed garment assembly.

TPU heat weld. Two-stage process using TPU (thermoplastic polyure-thane sheet) vacuumed formed 
over a pattern/former or tool. Two matching compound curved sheet forms are located over/on a heat 
welding registration tool. Tools tested include CNC cut wooden patterns, 3D printed polymer and 
plaster. Heat is applied to secure about periphery. Excess material removed, air pockets attached to air 
tubes, and valves incorporated. 

TPU USW. Two sheets of TPU 
material vacuumed formed 
over tool. Compound curved 
sheet forms registered on an 
ultra-sonic welding 
(USW) tool. Welds applied 
to secure the formed sheets 
together to form a continuous 
weld about the periphery.

Tool Integration. TPU sheet 
formed over an integrated vacuum 
form and ultrasonic weld tool. 
Two sheets of material formed 
and USW simultaneously to 
form a continuous weld about 
the compound curved air pocket 
periphery. Tests conducted with 
3D printed, sintered deposition 
tools proven. 

https://www.shu.ac.uk/art-design-media-research-centre
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Alongside the production of 
garments used in the Clinical 
Feasibility Trial (CFT) further 
materials were developed to 
enable production, quality control, 
information and instructions for use 
(patient and HCP), documentation 
allowing self-monitoring and 
reporting of skin condition during 
therapy course , and post study 
survey materials to evaluate 
intended use pathways.

These materials formed components 
of the MHRA approved Clinical 
Feasibility Trial study protocol. 
The CFT involved a randomised 
human trial comprising 50 human 
participants currently undergoing 
post lumpectomy radiotherapy, 
18 wearing the bra as part of their 
cancer treatment pathway. A fuller 
account of the clinical results of 
the study can be found in the 
dissemination section.

The research and development 
of the S4A bra included methods 
enabling its production, of systems 
enabling clinical testing and 
validation, and R&D in support of 
the proposed product service level 
designs. Each of these strands 
of activity ultimately fed into the 
S4A bra design being eligible for 
clinical feasibility-testing with human 
participants using the Medical 
Research Council framework for 
developing and evaluating complex 
interventions.

Materials for the human Clinical Feasibility Trial

The batch produced 
version of the S4A 

Bra used in CFT and 
its associated quality 

control documention 
design.

Setting up and recording S4A Bra fitting 
instructions

Instructions on how to monitor skin condition. Example of returned skin condition self-monitoring booklet 
showing areas affected by radiotherapy.

Existing and intended use pathways presented as CFT participant 
feedback and scoring. Use pathway illustrations and garment subjected 
to MHRA study protocol approval.

https://www.shu.ac.uk/art-design-media-research-centre
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‘New to me, new to the world’. Sense & Sensibili-
ty conference. Porto, Portugal 2019.

‘Proving the proof of concept’. Design for 
Health Journal (2017).

‘A randomised clinical 
feasibility trial of a breast 
immobilisation device’. UK 
Imaging & Oncology 2020.

‘The patient experience of 
radiotherapy for breast cancer’. 
Radiography Journal (2020).

Clinical Feasibility Trial.

A mix of peer reviewed  design, user-centred, clinical and scientific research 
has been dissemination alongside press, media, industry, and pedagogical 
publications.

A Granted patent ‘BRASSIERE WITH INFLATABLE 
BLADDER’ (WO2017220997A1 B, priority dated June 2016) was followed by 
a PCT and EP regional patent granted with national validations in Austria, 
Belgium, Germany, Denmark, Spain, France, GB, Ireland, Italy, Lithuania, 
The Netherlands, Switzerland and Sweden, US patent is pending.

Support, Positioning and Organ stabilisation during 
Breast Cancer Radiation Therapy: The SuPPORT 4 All 
project

https://www.shu.ac.uk/art-design-media-research-centre
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‘The patient experience of 
radiotherapy for breast cancer:’  
PubMed.gov (2020)

‘The development of a device 
to immobilise the breast during 
radiotherapy’. Radiotherapy and 
Oncology Journal (2018)

Support, Positioning and Organ stabilisation during 
Breast Cancer Radiation Therapy: The SuPPORT 4 All 
project

A national campaign to recruit participants was launched with Cancer 
Research UK, locally through the NHS Trust and approved by the NHS 
Health Research Authority.

Mail online (2016) The project engaged Panache Lingerie 
and gained exposure through  Garment 
industry news.

https://www.shu.ac.uk/art-design-media-research-centre
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