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Abstract

Thermocompression is a therapeutic technique that combines heat and compression to treat various
medical conditions. It involves applying controlled heat to a specific body area while
simultaneously exerting pressure through a compression mechanism. This method is particularly
effective in reducing pain, inflammation, and swelling, and is often used to support the healing
process in conditions such as sports injuries, chronic pain disorders, and post-surgical recovery.
The heat helps to increase blood flow and relax muscles, while compression helps to reduce
swelling and stabilize the affected area, thereby enhancing the overall therapeutic effect.
Thermocompression therapy plays a critical role in the management of chronic pain, sports
injuries, and post-surgical recovery, with conditions such as osteoarthritis and muscle strains
benefiting significantly from the application of heat and compression. While effective, traditional
thermotherapy devices, such as heat packs and wraps, are often bulky and rigid, limiting their
usability and comfort and reducing patient compliance. These devices can also not maintain
consistent therapeutic pressure over time, especially under varying environmental and dynamic
conditions. Henceforth, the present research aims to integrate smart textiles and flexible

electronics into a wearable thermo-compression system designed to overcome these limitations.

This study explores the design of heating fabrics using copper yarns with single, two-ply, and
three-ply structures inserted at various intervals. The temperature distribution of the bare
conductive yarn after inserting it into knitted fabric was analyzed. Further, the number of courses
and plies of conductive copper yarn in the knitted fabric samples varied, and a significant influence

on temperature distribution was shown. Results show that optimal yarn spacing, especially at 4



mm, enhances uniform heat distribution across the fabric. The three-ply yarn, inserted every two
courses, reached the highest temperature of 99 °C at 4V, with rapid heating and consistent
temperature stabilization. These fabrics demonstrate potential for thermal therapy applications,
offering adjustable temperature control and effective heat distribution. Furthermore, a
customizable thermo-compression device was developed to simulate dynamic conditions,
sweating and temperature to study the interaction between thermal properties and compression

effects in bandage interface pressure for wearables in real-life situations.

To realize the miniaturization of bulky thermal compression devices, flexible fabric heater and
pressure sensors were developed. A screen-printed fabric heater was developed using silver-carbon
composite ink on a polyester substrate in a meander configuration, which ensures flexibility,
durability, and uniform heat distribution. The heater achieved temperatures of approximately 35
°C at 3V, 55 °C at 5V, and reached a maximum of around 85 °C at 7V. The heater reached 85%
of its equilibrium temperature within the first 60 seconds of voltage application, indicating a quick

thermal response that is beneficial for immediate heat therapy.

A flexible pressure sensor designed using a capacitive sensing technology with double-layered
micro structured dielectric materials. The dielectric layers were made from an elastomeric silicone-
based material, chosen for its flexibility, durability, and sensitivity to pressure changes. This
material enables the sensor to conform to body contours comfortably while maintaining precise
pressure measurements. The sensor showed high sensitivity across a 0-60 mmHg range, ideal for

therapeutic compression monitoring. It demonstrated a quick response time of less than 1 second

Vi



with £1 mmHg accuracy and stability of 1000 bending cycles facilitating real-time adjustments.
The findings of this research contribute to the development of lightweight, flexible, and efficient
heating textiles with applications in wearable compression therapeutic devices, significantly

advancing the field of smart textiles in healthcare and wellness.
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R3LES

oHTHFINH Ue fafehcefir qerier & S fafirr fafsredtar feufeat & sormer & forg moff it wdie =1 st 21
SO U HTe o o TN § g9 S §U YRR o U fafiTe & i et @y s i 81w ot
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o |1, 4V W 99 Teult Afcward o ITaram qTIH 7o T TR 3 IS e SRt AT o o afmar weiRia
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St farfercetar wfted FrmT % foTg strest 21 3o areafas @ @IS i giaeT JeM #id g +1 mmHg

HETHAT AT 1000 Fehl =Tt =Ishi sh et o €1 | Hehs § oft v w1 cied Sfcifshan o gafia febam
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