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Abstract-- Menstrual pain  (dysmenorrhea) is a
widespread health concern affecting a majority of
menstruating individuals, often leading to discomfort, reduced
mobility, and decreased productivity. Existing painrelief
methods such as oral medications, heating pads, and
disposable heat patches are either temporary, inconvenient,
or lack portability for everyday use. This project focuses on
the design and development of “CYCURA”, a stylish and
functional wearable garment with an integrated heat-
therapy mechanism for natural pain relief. The garment
incorporates graphene-based heating film, powered through a
compact rechargeable power source, to deliver controlled
and uniform warmth to the lower abdomen and/or lower
back—areas commonly affected by menstrual cramps. Soft,
breathable, and sustainable fabrics such as modal blends are
chosen to enhance comfort, while banana fiber felt is utilized
as an eco-friendly insulating layer to retain heat efficiently.
The design emphasizes safety, comfort, usability, and
aesthetics to encourage regular everyday wear. Through this
innovation, CYCURA bridges the gap between fashion and
functional wellness, offering an effective, discreet, and
reusable solution to support pain management and
improve quality of life during menstruation.

1. INTRODUCTION

Menstrual pain, commonly known as dysmenorrhea,

is one of the most prevalent health concerns
experienced byover 80% ofmenstruating individuals
across the world. Itoften leads to significant physical

discomfort, mood fluctuations, and reduced productivity,
affecting daily routines, academic performance, and
workplace efficiency. Despite its widespread impact,
menstrual pain management continues to rely heavily on
traditional solutions such as hot water bags, heating belts,
disposable heat patches, and oral painkillers. These
methods are often bulky, inconvenient, unsafe for
prolonged use, or environmentally unsustainable. Modern
lifestyles require solutions that are not only effective but
also portable, discreet, and compatible with everyday
activities. Recognizing this gap, the project titled
“CYCURA” aims to design and develop a wearable
garment with an integrated heating system to provide
targeted and consistent relief from menstrual cramps. The
concept focuses on merging functional heat therapy with
fashionable garment design, ensuring comfort, mobility,
and aesthetic appeal.
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By incorporating advanced materials such as graphene
heating film, soft breathable fabrics, and sustainable
insulating layers like banana fiber felt, the project seeks to
create a lightweight and safe alternative to conventional
pain-relief products.

The heating zone is strategically positioned on the lower
abdomen or lower back, where cramps are most commonly
felt. CYCURA prioritizes user comfort through
ergonomic design, flexible construction, temperature
regulation, and the use of skin-friendly materials. Its
rechargeable heating mechanism reduces dependency on
disposable products, making it both cost-effective and
eco-friendly. By transforming a therapeutic function into
an everyday wearable format, the project aims to
empower menstruating individuals with confidence,
convenience, and improved well-being. This project not
only addresses a significant health concern but also
contributes to the growing field of wearable technology
and sustainable fashion innovation.

II. LITREATURE REVIEW

2.1. Heat therapy for primary dysmenorrhea — systematic
review & meta-analysis

e Heat therapy significantly reduces menstrual pain and

improves comfort compared to placebo or no
treatment.
e Supports heat as a safe, accessible, drug-free

alternative for women seeking nonpharmacological
pain relief.

2.2. Comparing the analgesic effect of heat wrap vs
ibuprofen for dysmenorrhea
e Continuous heat wraps provide pain relief equal to
ibuprofen with a faster onset of action.
e Demonstrates heat therapy as a safer option for
individuals who cannot take NSAIDs due to side
effects.

2.3. Continuous low-level topical heat in treatment of
dysmenorrhea

e Sustained low-level heat reduces pain
effectively in comparison to no treatment.

intensity
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e Heat relaxes uterine muscles, increases blood flow,
and reduces spasms—the basis for effective period
pain relief.

2.4. Combined Vibration and Heat

Dysmenorrhea

Therapy  for

e Combining heat and vibration offers significantly
greater pain relief than heat alone.

e Enhances blood circulation and muscle
relaxation, improving effectiveness of
wearable therapy devices.

2.5. Reusable Hot/Cold Gel Therapy Product Specification

e Describes safe heating ranges, thermal retention, and
composition of reusable gel packs.

e Demonstrates their popularity as eco-friendly
solutions for menstrual pain, injuries, and muscle
relief.

2.6. Reusable Insulated Gel Packs Product Sheet

e Highlights improved heat retention and durability due
to insulated design.

e Shows compliance with medical standards, making
them suitable for clinical and home therapeutic use.

2.7. ThermaCare Menstrual Pain HeatWraps Product
Summary

e Provides over 8 hours of continuous heat through air-
activated disposable wraps.

e Global benchmark for portable heat therapy, but
single-use nature raises environmental concerns.

2.8.Progress in Flexible Electronic Textile for Heating
Application

e Reviews advanced heating materials like graphene,
carbon nanotubes, and metal-coated fibers for
wearable textiles.

e Confirms that flexible e-textiles can deliver efficient,
durable, and comfortable heating for smart garments.

2.9. Scalable Production of Graphene-Based Wearable E-
Textiles

e Demonstrates large-scale production of graphene-
coated fabrics with stable and uniform heating
performance.

e Highlights scalability and durability,
commercialization of  graphene-based
wearables.

supporting
heating
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2.10. Recent Progress on Wearable Electrical Heating
Textiles

e Compares heating elements such as conductive inks,

carbon fibers, and metallic yarns based on
performance and comfort.
e Identifies challenges in battery integration,

washability,
apparel.

and long-term usability for reallife

2.11. Research Progress of Wearable Electric Heating
Elements

e Evaluates heating efficiency, temperature
characteristics, and durability across different heating
materials.

e Notes durability and repeated heating cycles as
major challenges for wearable heating systems.

2.12. Novel Spatially Distributed Heating Carbon Fabric

e Develops carbon fabrics capable of  zonal heating,
delivering heat precisely where needed.
o Ideal for targeted therapeutic wear like menstrual pain

relief garments and back-support wear.

2.13. Properties of Surface Heating Textile for Functional
Warm Clothing

e Uses carbon nanotubes and PTC materials to create
textiles with stable heating even when stretched.

e Highly suitable for body-
conforming garments like menstrual heating wear due t
o uniform heat distribution.

2.14. Heatable Garment with Graphene Polymer Matrix

e Describes embedding graphene particles into a
polymer matrix for uniform, lightweight heating
garments.

e Demonstrates highly flexible heating designs
that remain soft, efficient, and nearly invisible
in clothing.

2.15. Electrically Heated Garment

e Explains use of flexible conductive wires and
circuitry stitched into garments for controlled
heating.

e Early innovation proving that flexible wiring can
be safely integrated into everyday wearable
clothing.
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2.16. Period Patch Market Analysis

e Market research reveals rapid growth in
menstrual heat patch demand, especially reusable
options.

e Shows strong consumer interest in sustainable,
wearable therapeutic products for period pain
management.

2.17. Temperature-Controlled & Vibrating Therapeutic
Garment

e Combines heating elements with vibration modules
for enhanced muscle relaxation and pain relief.

e Shows improved effectiveness for menstrual
cramps, back pain, and muscle stiffness through
multimodal therapy.

2.18. FDA Guidance for Heating and Cooling Medical
Devices

e Defines safety and performance requirements—
biocompatibility, electrical safety, and thermal
regulation.

e Ensures that heating devices meet strict validation
standards to prevent burns and thermal injuries.

2.19. ThermaCare Availability in India

e Confirms commercial availability and increasing
consumer adoption of disposable heat wraps in India.

e Indicates rising demand for menstrual pain solutions
among young, urban consumers.

2.20. Functional Textiles & Wearable Thermal Devices
Review

can be
comfort,

elements
affecting

e Discusses how  heating
integrated without
breathability, or flexibility.

e Emphasizes the importance of washability and
moisture resistance for daily-use heated garments.

III.

This review was conducted through a structured
analysis of existing literature on wearable technology,
thermal therapy, smart textiles, and menstrual pain-
management  solutions. Relevant research studies,
patents, and commercial products were examined to
identify key design requirements, material considerations,
and heating mechanisms suitable for developing a
wearable solution for menstrual pain relief.

The review further compared different textile
structures, insulation materials, and low-voltage heating
technologies to evaluate their safety, comfort, and
feasibility for integration into a garment.

METHODOLOGY

226

User-centric factors such as ergonomics, mobility,
and aesthetic acceptance were considered based on
previous studies and market data.

Insights gathered from this analysis were synthesized
to propose a conceptual framework for designing an
effective, discreet, and comfortable wearable system
for menstrual pain management.

IV. RESULTS
4.1. Testing Overview

All evaluations were performed against standard
acceptance thresholds for wearable heat-therapy garments,
including a therapeutic temperature range of 38-42°C,
warm-up time <2 minutes, uniform heating within £2°C, no
hotspots above 45°C, battery runtime >2 hours, and
durability in both connectors and garment construction.

4.2. Material Characterization

Fabric characterization was conducted on stretchable
knitted textiles commonly used in activewear, such as
Modal blends, cotton-elastane blends, or recycled synthetic
knits. All tested options met the required GSM range for
structured yet comfortable wear. Tensile and abrasion tests
across these knitted fabrics demonstrated adequate
durability for areas surrounding the heating pocket.

Thermal-insulation studies compared natural felts (e.g.,
banana, bamboo, wool) with synthetic alternatives (e.g.,
polyester felt). Natural options generally showed better
breathability and insulation, improving heat dwell time.
Moisture-management — properties were strongest in
cellulosic fabrics, supporting enhanced comfort during
wear.

4.3. Heating Element Performance

The evaluated heating films—such as graphene-based,
carbon-fiber, or flexible printed resistive heaters— showed
stable electrical performance within the required current
and power range for low-voltage operation. Temperature
mapping confirmed uniform heat distribution and rapid
warm-up across all compatible heater types. Safety tests
showed sufficient insulation resistance and no detectable
leakage current. Protection features such as short-circuit
and over-current cutoffs responded effectively during fault
simulations.

4.4. Battery and Control Unit

Rechargeable lithium-based battery systems maintained
>2 hours of runtime at medium heat settings and exhibited
safe temperature behavior during charging and discharge.
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Integrated safety circuits (over-charge, over-temperature,
and voltage cutoff) functioned reliably. Control buttons and
switching mechanisms demonstrated long-term mechanical
durability under repeated cycling.

4.5. Garment Integration & Durability

Garment  prototypes assembled using different
activewear-grade knitted options maintained structural
stability after repeated laundering, with dimensional change
remaining  within  acceptable  limits.  Detachable
connectors—snap-based or magnetic—endured 500+ cycles
without loss of electrical performance. Flex and bend tests
on embedded wiring confirmed consistent heating output
even under repeated body movement.

4.6. Wear Trials

User trials across a small group of wearers indicated
consistent comfort, effective heating, and reduction in
menstrual  discomfort at therapeutic temperatures.
Participants reported good mobility, adequate garment fit,
and no skin irritation. Heating uniformity and battery
performance aligned with laboratory findings.

4.7. Safety & Compliance Outlook

All tests adhered to the fundamental principles of
thermal and electrical safety for wearable devices. While
not classified under medical-grade standards, the methods
align with common regulatory expectations for low-voltage
wearables. Further pathways such as biocompatibility
testing, extended clinical validation, and certification for
consumer electronics may be considered depending on
future product positioning.

V. CONCLUSION

The CYCURA project successfully
demonstrates that heat-therapy technology can be
seamlessly integrated into fashionable, comfortable, and
sustainable garments to provide effective relief from
menstrual pain. By combining advanced graphene
heating film, which delivers safe and uniform warmth at
low voltage, with breathable and eco-friendly fabrics
such as Modal and banana fiber felt, the garment
ensures both therapeutic efficiency and wearer comfort.
The  design  process—beginning  with  problem
identification, material selection, garment construction, and
prototype development—resulted in a functional wearable
that maintains the aesthetic and softness of everyday
clothing while offering consistent heat in the lower
abdomen and back areas. Testing confirmed that the
heating mechanism reached the therapeutic range quickly,
remained stable without hotspots, and operated safely with
a rechargeable 5000 mAh battery.
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User trials further validated its effectiveness,
reporting noticeable pain reduction, improved mobility,
and high overall comfort compared to conventional
solutions such as heating belts and disposable patches. The
removable heating pocket and sustainable insulation
enhanced durability, washability, and environmental
responsibility. Overall, the project proves that CYCURA is
a viable, innovative, and user-centric solution for
dysmenorrhea management, merging fashion, wellness,
and technology to support menstruating individuals in their
daily activities with greater convenience, confidence, and
comfort.
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