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Thermal and moisture comfort mastectomy bra and prosthesis

Descriptor
This research investigates breast cancer survivors’ post-mastectomy product needs, and the redesigning of post-
mastectomy products  for improvement in quality of life.

The study consists of three phases:

Phase I - Investigation of post-mastectomy products currently available on the market and HK mastectomized 
women’s post- mastectomy product needs;

Phase II -Design and development of three post-mastectomy products, the mastectomy bra, a prosthesis, and an 

integrative clip;  Phase III - Wear trials with two products, the mastectomy bra and the prosthesis.

The survey study revealed that: 1) there is heat and moisture build-up from currently available mastectomy bra and 
prosthesis; and 2)  fashion bras are incompatible for accommodating the prostheses and generally have a negative 
impact on HK mastectomized women’s  quality of life. This is the first study to investigate thermal and moisture comfort 
performance of mastectomy bras and prostheses. In  addition, this is the first ever mastectomy bra and prosthesis that 
lowers skin temperature and moisture levels. The mastectomy bra also  lowers core-body temperature when compared 
to that of commercial products (i.e., 0.2°C – 1.6°C lower skin temperature (p = 0.00),  1.7% – 11.5% lower humidity 
increment (p = 0.00), 0.1°C – 0.2°C (p = 0.00) core body temperature. Research outputs include two  Chinese patents for 
prosthesis (2017) and the garment clip (2017), a gold award and a best invention certificate from the Seoul  International 
Invention Fair (2015), a journal paper (2019), three conference papers (2015& 2019), two invited speaking engagements  
(2017 & 2019), and a showcase at a healthcare and medical fair (2016).

This research developed novel post-mastectomy products and a thermal and moisture comfort performance
testing protocol. The research was possible due to a collective effort of breast cancer survivors, bra design
specialists, product design practitioners, and textiles and clothing testing experts.

Mastectomy bra andprosthesis
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Kristina Shin

Kristina Shin is an underwear designer. Kristina Shin‘s research interests are 1) design 
for quality of life (e.g., mastectomy bra and prosthesis design & hydrotherapy device 
design) and 2) design for cultural visual identity.

Researcher Background

Mastectomy bra and prosthesis
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Research Questions

This research project set out to investigate :

• How mechanical design changes of mastectomy bra and prosthesis will impact on the micro-environment 
inside the mastectomy bra 

• How a garment accessory can provide the mastectomized women an option to enjoy a wide range of the 
fashion bras in addition to the mastectomy bras

• How post-mastectomy products can contribute to the mastectomized women’s quality of life

Research Questions

Mastectomy bra and prosthesis
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Research Outputs
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Research Outputs

Mastectomy bra and prosthesis

Patents
• Garment clip for breast prosthesis Patent no: CN105286101B /ZL2014102263815
• Filed on 26 May 2014 & Granted on 3 May 2017

• Heat reduction breast prosthetic device Patent no: CN105266926B 
• Filed on 26 May 2014 & Granted on 19 Oct 2017

International awards
• Gold medal: The Seoul International Invention Fair (SIIF) 2015, 24-29 November 2015
• A diploma for the best invention: Awarded by the First Institute Inventors and Researchers in I.R.Iran @SIIF 2015

Journal publications
• Shin, K., Leung, K. Han, F. & Jiao, J. (published online 22 Oct 2019) Thermal and Moisture Control Performance of 

Different Mastectomy Bras and External Breast Prostheses. Textile Research Journal https://doi-
org.ezproxy.lb.polyu.edu.hk/10.1177/0040517519881815 |

Commercial Fair
Hong Kong International Medical Devices and Supplies Fair 
Hong Kong Convention and Exhibition Centre, 3-5 May 2016 
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Research Outputs
2 patents, 2 awards, 1 journal publication, 3 conference papers, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Research Outputs

Mastectomy bra and prosthesis

Conference papers: 
• Shin, K., Leung, K., Han, F., Jiao, J. (2019) Mastectomy Bra and Prosthesis Design and Performance Evaluation. The 15th

Asian Textiles Conference. China Textile City Construction Management Committee, Shaoxing City & Zhejiang Sci-Tech 
University, Shaoxing/Hangzhou. 26-29 Sept 2019.  

• Shin, K., Leung, K., Han, F. & Jiao, J. (2019) Thermoregulation Performance Evaluation of Mastectomy Bras and 
Prosthesis, Fiber Society, 21-23 May 2019. Hong Kong

• Leung, K., Shin, K., Han, F., Downing, K., Jiao, J. & Li, J.S. (2015) A Heat-Reduction Mastectomy Bra and its Performance 
Evaluation with a Core Temperature Pill Sensor, World Congress on Controversies in Breast Cancer (CoBRA 2015), 
pp.47-48, 22-24 October 2015. Melbourne: CongressMed. 

Invited Talk:
• Shin, K. (2019) Mastectomy bra and prosthesis development. 

TechTalks: Fem Tech. The Women’s Foundation & Bloomberg.  Bloomberg Hong Kong. 25/F Cheung Kong Center, 
2 Queen’s Road Central. 27 February 2019. 

• Shin, K. (2017) Thermal and Moisture Comfort Mastectomy Bra and Prosthesis Design
Graduate Seminar Series 
Department of Fiber Science & Apparel Design 
Cornell University, Ithaca, USA, 8 December 2017

Youtube:
Integrative clip introduction promotional video:
https://www.youtube.com/watch?v=rzKzyTX6lzs
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Research Outputs / Body of Work 

• 3 inventions (2 patents granted)
• Garment clip for breast prosthesis
• Heat reduction breast prosthesis
• Post-mastectomy undergarment with 

thermal and moisture ventilation 
structure

• Wear trials
• Core body temperature
• Skin temperature 
• Humidity 

Research Outputs

Mastectomy bra and prosthesis

Prosthesis 
(CN105266926B)

Clip	
(CN105286101B)

Bra	
(201410830541.7)
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Research Output / Body of Work 

• 3 inventions (2 patents granted)
• Garment clip for breast prosthesis
• Heat reduction breast prosthesis
• Post-mastectomy undergarment with 

thermal and moisture ventilation 
structure

• Wear trials 
• Core body temperature
• Skin temperature 
• Humidity 

Research Outputs

Mastectomy bra and prosthesis
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Research Key Works Referenced

[1]  LaBat, K. L., Ryan, K. S. & Sanden-Will, S. (2016). Breast cancer survivors’ wearable product needs and wants: a   challenge to 
designers. International Journal of Fashion Design, Technology and Education, 10 (3), 308-319. 

Despite of the silicone prostheses’ similar weight and feel of the natural breast, weight to support solely by bra strap and band 
and perspiration build-up between the skin and the prosthesis are sources of dissatisfaction. 

[2} Glaus, S. W., & Carlson, G. W. (2009). Long-term role of external breast prostheses after total mastectomy. The Breast Journal, 
15(4), 385–393. 

External breast prostheses could assist in both cosmetic restoration and weight balance for mastectomized women without 
reconstruction and prostheses are a safe, effective and cost-conscious breast restoration options. However, heat and 
perspiration build-up are a major discomfort created by prosthesis. 

[3] Gallagher, P., Buckmaster, A., O’Carroll, S., Kiernan, G., & Geraghty, J. (2009). Experiences in the provision, fitting and supply of 
external breast prostheses: Findings from a national survey. European Journal of Cancer Care, 18, 556–568

Prosthesis shape, appearance, sense of well-being, self-confidence, and femininity were identified as the positive aspects of 
wearing external breast prostheses whilst weight, comfort, and movement of the prosthesis were identified as the negative 
aspects. 

[4] Livingston, P. M., White, V. M., Roberts, S. B., Pritchard, E., Hayman, J., Gibbs, A., & Hill, D. J. (2005). Women’s satisfaction with 
their breast prosthesis: What determines a quality prosthesis? Evaluation Review, 29(1), 65–83.

Mastectomized women’s satisfaction with their first prosthesis declined from 77% extremely satisfied at one week to 52% at six 
months due to fit, comfort and appearance. 

[5] Crompvoets, S. (2006). Comfort, control, or conformity: Women who choose breast reconstruction following mastectomy. 
Health Care for Women International, 27, 75–93.

Discomfort  and unnatural movement of prosthesis creates significant dissatisfaction
[6] Gho, S. A., Steele, J. R., & Munro, B. J. (2010). Is bra discomfort a barrier to exercise for breast cancer patients? Supportive Care 
in Cancer, 18, 735–741.

Inadequate bra design was a potential barrier to regular exercise. 

Research Field and Key Works Referenced

Mastectomy bra and prosthesis
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Research Gap

The existing research pointed out that there are needs for new post-mastectomy 
products. However, no research work offered how to improve post-mastectomy 
products in particular, thermal and moisture comfort.

Research Field and Key Works Referenced

Mastectomy bra and prosthesis
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Research Methods and Materials
Commercial prostheses

Problems of prosthesis available on the market 

• Poor thermal and moisture comfort 

• Trap sweat due to absence of ’wicking’ mechanism

Research Methods and Materials

Mastectomy bra and prosthesis

Prostheses on the market
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Research Methods and Materials
Prosthesis (CN105266926B)

Concept of invention
A breast prosthetic device composed of 1. a wavy textural surface at the chest wall contact section; 2. hollow inner-core part; 
and 3. ventilation holes at the lower section

Improvements and benefits
Reduce the amount of sweat by minimizing the contact surface to the chest and by circulating more air to increase the sweat 
evaporation rate

Research Methods and Materials

Mastectomy bra and prosthesis

Body	of	invention:	prosthesis	with	an	air	chamber

Ventilation holes and inner core Air ventilation flow
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Research Methods and Materials
Prosthesis: Prototype production 

Research Methods and Materials

Mastectomy bra and prosthesis

1) 3D body scan data 
collection in 3 bra wearing 
conditions

2) Optimum fit solution for 
prosthesis prototype

3) 3D CAD model creation

4) 3D mold design
5) Mold production with 3D 
printing technology

6) Silicon prototype 
production with mold
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Research methods and materials
Prosthesis: Prototype production 

Research Methods and Materials

Mastectomy bra and prosthesis

Prosthesis Prototype I Prosthesis Prototype II
(Bigger ventilation holes)

Body	of	invention:	prosthesis	with	an	air	chamber
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Research Methods and Materials
Commercial Clips

Problems of garment hooks available on the market 

There is no product that is designed to attach & hoist a prosthesis on to a shoulder strap

Research Methods and Materials

Mastectomy bra and prosthesis

Hooks 
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Research Methods and Materials
Clip (CN105286101B)

Concept of invention
Garment clip/holding device that can be easily attached to the shoulder strap of various lingerie items 

Improvements and benefits
• Firmly hold the prosthesis and position in the cup
• Provides adjustability (e.g., shoulder strap length)
• Converts a wide range of fashion bras into mastectomy bras 

Research Methods and Materials

Mastectomy bra and prosthesis

Clip mounted with a prosthesis pouch Clip’s mechanism
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Research methods and materials
Clip (CN105286101B)

Research Methods and Materials

Mastectomy bra and prosthesis

Clip mounted to a fashion bra with a prosthesis pouch
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Research Methods and Materials
Clip (CN105286101B)

Research Methods and Materials

Mastectomy bra and prosthesis

https://www.youtube.com/watch?v=rzKzyTX6lzs
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Research Methods and Materials
Commercial mastectomy bras

Problems of mastectomy bras available on the market 
Poor thermal and moisture comfort 
- Utilitarian design features (lacking in aesthetics)
- Western size oriented (i.e. Brands)

Research Methods and Materials

Mastectomy bra and prosthesis

Mastectomy bras available on the market 
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Research Methods and Materials
Mastectomy bra (201410830541.7)

Concept of invention
Post-mastectomy undergarment that reduces heat and moisture inside the bra through the air ventilation structures (e.g., 
holes)

Improvements and benefits
Provides good thermal and moisture comfort to the wearers and could be adopted to other undergarment items like all-in-
one, girdle, full slip, sleepwear as well as sportswear 

Research Methods and Materials

Mastectomy bra and prosthesis

Body of invention: Mastectomy bras with different ventilation designs

Bra with Air Ventilation Window Bra with Air Ventilation Hole
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Research Methods and Materials
Mastectomy bra (201410830541.7)

Research Methods and Materials

Mastectomy bra and prosthesis

Body of invention: Mastectomy bras with different ventilation designs

Bra with Air Ventilation Window Bra with Air Ventilation Hole
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Research Methods and Materials
Subjective wear trials

Research Methods and Materials

Mastectomy bra and prosthesis

Thermal comfort
- 25% of patients (n=5) strongly agreed that the new prosthesis felt much cooler than their normal prosthesis 

due to the contact surface.
- 50% of patients (n=10) agreed that the new prosthesis felt cooler than their normal prosthesis.  
- 25% (n=5) could not tell the difference due to a lack of sensitivity on their part 

Fitting photos
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Research Methods and Materials
Subjective wear trials

Research Methods and Materials

Mastectomy bra and prosthesis

Moisture comfort
- 15% of patients (n=3) strongly agreed that air ventilation of the new prosthesis helped 1) dry sweat quicker 

than their normal prosthesis and 2) reduced the amount of sweat. 
- 60% of patients (n=12) agreed that air ventilation of the new prosthesis helped 1) dry sweat quicker than 

their normal prosthesis and 2) reduce the amount of sweat. 
- 25% (n=5) could not tell the difference due to a lack of sensitivity 

Fitting photos
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Research Methods and Materials
Objective wear trials

Research Methods and Materials

Mastectomy bra and prosthesis

Objective wear trials were to evaluate the thermal and humidity responses of different mastectomy bras and 
external breast prostheses on human subjects during physical activity.
A set of newly designed heat-reduction mastectomy bra and prosthesis were mix-matched with a set of 

conventional mastectomy bra and prosthesis for the experiment. 
Four combinations of mastectomy bras and external breast prostheses were 1) Com A: conventional mastectomy 
bra and conventional prosthesis; 2) Com B: conventional mastectomy bra and heat-reduction prosthesis; 3) Com C: 
heat-reduction mastectomy bra and conventional prosthesis; and 4) Com D: heat-reduction mastectomy bra and 
heat-reduction prosthesis. 
Nine healthy male subjects (mean age: 31.9±5.9 years & mean underbust circumference: 35.3±2.8 inches) 
participated in this experiment in lieu of double mastectomized women who were too self-conscious to expose 
their scars for sensor attachment. 
Eight sets of temperature and humidity sensors were placed between skin and prosthesis and bra to collect the 
changes of temperature and humidity data inside the microclimate environment during the participants performed 
physical activity. In addition, core body temperature was collected via an ingestible temperature pill. 
The results showed that Com D demonstrated better thermal and moisture control resulting in lower body 
temperature and lower humidity increment throughout the entire experiment. 
The study concluded that the thermoregulation performance experiment was able to provide the microclimate 
changes inside the bra. In addition, it proved that the heat-reduction mastectomy bra and external breast 
prosthesis were effective in releasing the trapped heat and sweat underneath the bra, and thus would provide a 
positive impact on clothing comfort and wearing experience for mastectomized women.
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Research Methods and Materials
Objective wear trials: Experiment protocol 

Research Methods and Materials

Mastectomy bra and prosthesis
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Research Methods and Materials
Objective wear trials: core differences

Research Methods and Materials

Mastectomy bra and prosthesis

Conventional	
Mastectomy	

Bra

Heat-reduction	
mastectomy	

Bra	

0	min 37.37 37.35

15	min 37.27 37.22

30	min 37.70 37.52

45	min 38.20 38.05

55	min 37.86 37.77

Mean core body temperature of conventional mastectomy bra vs. heat-
reduction mastectomy bra

Difference in core body temperature on 
mastectomy bras at different time points
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Research Methods and Materials
Objective wear trials: Clothing comfort CC vs. NN

Research Methods and Materials

Mastectomy bra and prosthesis
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Research Methods and Materials
Objective wear trials: Temperature (next to skin) CC vs. NN 

Research Methods and Materials

Mastectomy bra and prosthesis
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Research Methods and Materials
Objective wear trials: Humidity  (next to skin) CC vs. NN 

Research Methods and Materials

Mastectomy bra and prosthesis
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Research Methods and Materials
Objective wear trials: Temperature (between bra and prosthesis) CC vs. NN 

Research Methods and Materials

Mastectomy bra and prosthesis
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Research Methods and Materials
Objective wear trials: Humidity (between bra and prosthesis) CC vs. NN 

Research Methods and Materials

Mastectomy bra and prosthesis
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Research Methods and Materials
Objective wear trials: All results

Research Methods and Materials

Mastectomy bra and prosthesis

Difference in temperature at the 
gore (next to skin) on the four test 
combinations 

Difference in temperature at the 
gore (between bra and prosthesis) 
on the four test combinations 

Difference in temperature at bottom 
cup (next to skin) on the four test 
combinations 

Difference in temperature at bottom cup 
(between bra and prosthesis) on the 
four test combinations 

Difference in humidity at the gore 
(next to skin) on the four test 
combinations 

Difference in humidity at the gore 
(between bra and prosthesis) on 
the four test combinations 

Difference in humidity at bottom 
cup (next to skin) on the four test 
combinations 

Difference in humidity at bottom cup 
(between bra and prosthesis) on the 
four test combinations 
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Research Conclusion Per Research Question

Q1. How mechanical design changes of mastectomy bra and prosthesis will impact on the micro-
environment inside the mastectomy bra: 

• The results showed that a newly designed mastectomy bra and prosthesis demonstrated 
better thermal and moisture control, resulting in 0.2°C – 1.6°C lower skin temperature (p = 
0.00) and 1.7% – 11.5% lower humidity increment (p = 0.00) throughout the entire experiment. 
In addition, the newly designed mastectomy bra found to lower the core body temperature by 
0.1°C – 0.2°C (p = 0.00) than the conventional mastectomy bra.

Q2. How a garment accessory can provide the mastectomized women an option to enjoy a wide 
range of the fashion bras in addition to the mastectomy bras:

• The newly designed garment clip provided an option for the mastectomized women to use 
their fashion bras as mastectomy bras.

Q3. How post-mastectomy products can contribute to the mastectomized women’s quality of life:

• It was proven that changes of the post-mastectomy products positively contributed to the 
mastectomized women’s quality of life. 

Research Conclusion

Mastectomy bra and prosthesis
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Dissemination

Mastectomy bra and prosthesis

Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Year               Patents

2017 May       Garment clip for breast prosthesis (Patent no: CN105286101B /ZL2014102263815)

Oct        Heat reduction breast prosthetic device (Patent no: CN105266926B)
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Dissemination

Mastectomy bra and prosthesis

Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Year Awards

2015 Gold medal Thermal and moisture comfort mastectomy bra and prosthesis

Diploma for the Best Invention Awarded by the First Institute Inventors and Researchers in I.R.Iran
The Seoul International Invention Fair 2015
Korea invention promotion association, 24-29 November 2015
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Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Dissemination

Mastectomy bra and prosthesis

Year            Journal Publication     

2019 Shin, K., Leung, K. Han, F. & Jiao, J. (published online 22 Oct 2019) Thermal and Moisture Control 
Performance of Different Mastectomy Bras and External Breast Prostheses. Textile Research Journal
https://doi-org.ezproxy.lb.polyu.edu.hk/10.1177/0040517519881815
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Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Dissemination

Mastectomy bra and prosthesis

Year            Conference Proceedings

2019 Shin, K., Leung, K., Han, F., Jiao, J. (2019) Mastectomy Bra and Prosthesis Design and Performance Evaluation. The 15th

Asian Textiles Conference. China Textile City Construction Management Committee, Shaoxing City & Zhejiang 
Sci-Tech University, Shaoxing/Hangzhou. 26-29 Sept 2019.  

2019 Shin, K., Leung, K., Han, F. & Jiao, J. (2019) Thermoregulation Performance Evaluation of Mastectomy Bras and 
Prosthesis, Fiber Society, 21-23 May 2019. Hong Kong

2015 Leung, K., Shin, K., Han, F., Downing, K., Jiao, J. & Li, J.S. (2015) A Heat-Reduction Mastectomy Bra and its 
Performance Evaluation with a Core Temperature Pill Sensor, World Congress on Controversies in Breast Cancer 
(CoBRA 2015), pp.47-48, 22-24 October 2015. Melbourne: CongressMed. 
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Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Dissemination

Mastectomy bra and prosthesis

Year            Invited Talks

2017   Thermal and Moisture Comfort Mastectomy Bra and Prosthesis Design
Graduate Seminar Series, Department of Fiber Science & Apparel Design 
Cornell University, Ithaca, USA, 8 December 2017

2019 TECH Talks: Fem Tech Invited Lecture The Women’s Foundation, Bloomberg, 25/F Cheung Kong  
Centre, Hong Kong, 27 Feb 2019 
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Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Dissemination

Mastectomy bra and prosthesis

Year            International Medical Fair

2016   Hong Kong International Medical Devices and Supplies Fair 
Hong Kong Convention and Exhibition Centre, 3-5 May 2016 
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Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Dissemination

Mastectomy bra and prosthesis

Year            Technology sharing

2016 Star tech salon 23 May 2016 to promote and celebrate newly awarded PolyU technologies with Hong 
Kong business partners
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Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Dissemination

Mastectomy bra and prosthesis

Year            International Magazine Article (Thailand)

2016 INNOLAB magazine #8.46 published 10 June 2016 INNOLAB magazine is a Thailand magazine that 
shares research and lab information for RD & QCA specialists in food, pharma and cosmetics industry. 

https://issuu.com/innolabthailand/docs/innolab846/36
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Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Dissemination

Mastectomy bra and prosthesis

Year            PolyU Milestones Magazine

2016 A magazine article published by The Hong Kong Polytechnic University in March 2016 

https://www.polyu.edu.hk/cpa/milestones/en/201603/research_innovation/design/comfortable_undergarment_designed_for_mastectomy_w/index.html
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Dissemination
2 patents, 2 awards, 1 journal publication, 3 conference proceedings, 2 invited talks, 1 medical fair, 1 
technology sharing, 2 magazine articles, 1 Youtube video

Dissemination

Mastectomy bra and prosthesis

Year            Youtube

2019 Integrative Clip  

https://https://www.youtube.com/watch?reload=9&v=rzKzyTX6lzs


