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Abstract - This paper aims to give a comprehensive review 
on Intimate apparels design, raw materials, components, 
latest innovations. As it the main clothing layer since it goes as 
human's subsequent skin because of its contact with the skin 
straight forwardly. The comfort issues of underwear are 
sensorial, warm, movement, and aesthetical, which are all 
interrelated. Since underwear is an internal layer in the 
middle of the skin and the outerwear, its warm comfort is vital. 
Moving moisture from the attire to the climate through 
dissemination, wicking, sorption, and dissipation is controlled 
by the thickness and tightness of the fabric. Sustainable 
unconventional natural fibres like hemp, banana, castor bean 
fibre and regenerated fibres like tencel, micro-modal, bamboo 
are advantages for human health benefits, human comfort 
properties and they have huge significance on environment, 
which are acceptable for underwear. Thus, this review will 
discuss on the technical aspects of innerwear commercially 
available and will focus on the developments that can be made 
in future. 
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1. INTRODUCTION  
 
Intimate apparel is a sort of clothing which is worn close to 
the skin, and in this way it acts as human's subsequent skin. 
Regular bra, clothing, sports bra, undies - hose, swimwear, 
mastectomy bra just as maternity clothing, body shaper, and 
girdle are depicted as underwear, and this sort of attire is 
between disciplinary subject including body magnificence, 
human life systems and anthropometrics, design plan, 
material designing, just as wellbeing science [1] 

Intimate wear, which is depicted as human's subsequent 
skin, requires the comfort issue to be kept up properly than 
that of outerwear due to the contact to the skin 
straightforwardly. Additionally, the everyday exercises and 
positive feeling of an individual are inseparable from 
underwear comfort attributes [2]. 

Natural sustainable fibres are permeable in character with 
the abilities of porousness and breathability those give 
comfort properties to the wearer. Natural sustainable fibres 
have permeability, breathability, porousness and moisture 
wicking abilities with the ventilation cycle of air through 
their permeable design. These natural fibres have hostile to 

bacterial and against microbial properties, which safeguard 
skin from sensitivities. Recently, the intimate apparel field 
has seen an expansion in the passage of sustainable 
undergarments and noticeable brands intrigued by 
sustainable fibres and production [2]. 

2. RAW MATERIALS 
 
2.1 INTIMATE APPAREL FROM NATURAL FIBRES 
 

Natural fibres are much more effective temperature 
regulators. This means they keep you cool or warm as 
needed. With this particular piece of clothing, natural fabrics 
are most likely keeping you cooler. This temperature 
regulation helps prevent you from sweating and bacteria 
from growing. But you will sweat, and when you do, natural 
fibres are also much for effective for moisture control. 

Cotton is one of the most affordable natural fibres and is a 
great option for underwear. It offers excellent temperature 
control, so your skin can breathe and stay at a consistent 
temperature when and wherever you wear it. Unlike much 
synthetic material which is made using petroleum, cotton is a 
sustainable option,  

Silk is perhaps the ultimate material for comfort and 
breathability, hence its historical reputation as the most 
luxurious of fabrics for clothing. While it is often a more 
expensive option than other natural fibres, the supreme 
softness and moisture-absorbing properties means that silk 
can be worn all year round and in any climate.  

      Linen is made from the flax plant and is similar to cotton, 
only it is even lighter and more breathable. It is also more 
durable and stronger than cotton, and allows air to flow 
through it, as well as efficiently absorbing moisture, keeping 
the skin fresh, clean and at a regular temperature [5]. 

2.2 INTIMATE APPAREL FROM REGENERATED 
FIBRES 
 
      Regenerated fibres, are man-made that are created 
through chemical cycle utilizing the natural wellspring of 
cellulose in trees. The cycle is directed in a shut framework 
so the greater part of the synthetic substances utilized can be 
reused, yet the method involved with transforming cellulose 
into material fibres is concentrated. Likewise a danger that 
the natural substances are removed from non-feasible 
sources, adding to deforestation. 
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       The most seasoned recovered fiber is rayon, which is 
presently most regularly known as viscose. It was recently 
alluded to as man-made silk or nitrate silk.  

       Viscose is extremely delicate and agreeable to wear yet 
very asset escalated to create. Modal is produced using the 
cellulose mash from beech trees. This material is delicate 
simultaneously as being steady, solid and ready to keep up 
with its shape. Clothing produced using modal is 
exceptionally surprising, despite the fact that modal 
filaments are appropriate to, for instance, intimate apparel 
are costly contrasted to cotton and polyester options.  

       A regenerated fiber that has acquired fame lately anyway 
is bamboo. Bamboo textures are delicate and breathable yet 
will more often than not lose their shape inevitably and 
along these lines aren't ideal for pieces of intimate clothing 
that need to fit tight against the body. Nonetheless, it's 
superb for nightwear and sportswear. 

      These days, as a feature of sustainability, there are 
natural confirmations and brand names that ensure the 
regenerated fibres utilized are separated from reasonable 
woods. One model is Tencel, a brand name for the recovered 
fiber lyocell, which comes from supportable timber lands 
and is recognizable through each phase of the production 
system. The disadvantage is that Tencel is costly and in this 
way the request is low [9]. 

2.3 INTIMATE APPAREL UNCONVENTIONAL 
FIBRES: 
 
     Hemp is another natural fibre that is becoming 
increasingly popular for underwear and other garments. 
Hemp is gentle to skin and very durable, and it also a rapid 
growth fibre which means that it is sustainable.  

     Banana blend of materials provides “ultimate comfort, 
with an eco-friendly flavor. Biodegradable, the natural fibre 
is made from the stem of the banana tree and is incredibly 
durable. Banana fibre is similar to natural bamboo fibre, but 
its spin ability, fineness and tensile strength are said to be 
better [6]. 

3. YARN SELECTION 
 
The yarn deniers used are 20, 40, 55, and 70 denier (22, 44, 
61, and 78 dtex). Spandex yarn must be used in combination 
with hard yarn or filament yarn. The spandex yarn is used on 
the back bar and the hard yarn is used on the front or top bar 
of the Tricot machine. In this way the spandex yarn is 
sandwiched into the front bar yarn. Thus, the hard yarn 
protects the spandex yarn and it does not come into contact 
with the human skin during wear. Yarn suppliers offer the 
spandex yarn on spun tubes, rewound tubes and on beams 
(42 inch and 21 inch). In Tricot knitting, only the 164 inch or 
84 inch wide Tricot machines are used, mostly with a 28 and 

32 gauge and sometimes a 36 gauge (gauge = needles per 
inch)[3].  

On account of peculiar extensibility and surface 
characteristics, special yarn feeder is needed for feeding 
Lycra yarn in the knitting machine. Lycra yarns are available 
in two forms – naked filament (generally not skin friendly) 
and filament wrapped with other skin friendly fibres. The 
second category is more popular. Such yarns can be used to 
any intimate wears including socks for both male and female. 

4. FABRIC SELECTION 
 
The utilization of  fabric with dynamic moisture properties 
further develop the wearer's warm comfort, and intimate 
apparels ought to have great moisture conduct properties. 
Kinds of fabric from various material fibre, each with its own 
surface and appearance. Individuals, feel that an intimate 
apparel should lean towards rich and exquisite look of a 
reflexive material. Like, silk, for instance, because of its 
firmly woven texture with a gleaming front and matte back. 
Therefore, moisture wicking fibres and fabric are regularly 
utilized for sports bras, alongside fabrics intended to permit 
ventilation [4]. 

Revolution in both yarn and production advancements have 
raised knitted fabrics to have comfort characteristics that far 
offset offered by woven textures. Especially, the utilization of 
weft knitted textures in sports clothing and innerwear has 
expanded due to the request of stretchable and tight-fitting 
articles of clothing. As a garment worn near the skin, the 
creases building the intimate apparel have been found to be 
awkward, accordingly seamless knitting textures brought 
circular knitting machines into existence [8]. Seamless 
knitting machines have been the essential innovation 
utilized for production of pressure sport bras, due to 
accomplishing uniform pressure levels around the body. The 
expansion of spandex yarns in seamless textures make a 
compressive fit that is kept up with without deformity 
during the life of product. Besides, a significant benefit of 
making intimate apparels on seamless knitting machines is 
the capacity to make consistent three dimensional forming, 
for example, epitomizing breast molding, just as designed 
compression and ventilation inside different spaces of the 
article of clothing observed that consistent sports bras are 
not liked as day by day bras, due to their unflattering 
pressure of the breast, despite the fact they scored most 
noteworthy on comfort [6]. 

5. TESTING PARAMETERS FOR INTIMATE 
APPARELS 
 

Air permeability ASTM - D 737 
Water vapor permeability ISO 11092 
Thickness ISO 5084 
Thermal Transmittance ASTM D: 1518 
Compressibility BS EN 4098:1996 
Resilience BS EN 4098:1996 
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Anti-microbial testing ASTM E2149 - 20 
Anti-pilling test ASTM D3511/ 

D3511M - 16 
 

Table -1: Testing standards [7] 

 
6. INNOVATIVE INTIMATE APPARELS 
 
LYCRA®W technology presented synthetic elastane fiber by 
the Lycra Company hoists the presentation of underwear 
produced using warp or circular knit fabrics. "W" elastane 
fibres with brilliance license the pieces of clothing to convey 
remarkable whiteness, whiteness retention, consistency, and 
colour pickup for more profound, more extravagant 
shadings. Fabrics made with these fibres additionally have 
better protection from elastane yellowing from heat-setting, 
openness to exhaust, shape retention and UV light[11]. 

 

Fig -1: Synthetic elastane fiber 
 

   ISCRA-S is a very elastic material like spandex. It is a bi-
component fiber of Sorona, a corn- and PET-derived 
material. After applying finishing processes, it acquires a 
spring-like structure. The fiber is reasonable to be utilized in 
intimate clothing, due to its comfort stretch and fast 
moisture engrossing furthermore, drying properties [12]. 

 

Fig -2: ISCRA-S fiber before and after finishing process 
 

   FIELDSENSOR™, created by Toray, applies the standards of 
capillary transport to the construction of knitwear 
empowering ingestion, development, scattering, and 
dissipation of sweat from the skin. Thus, the sweat prompted 
tenacity and tenacity of conventional materials are disposed 
of. It offers great moisture absorption the board capacities 
for running, wellness, and exercise suits [13]. 

 

Fig -3: Principle capillary transport 
 

   NILIT®, a maker of nylon 6.6 filaments, offers style body 
wear, dynamic wear, legwear, and underwear. Sensil is 
another Nylon 6.6 brand made by NILIT®. Sensil® Aquarius 
has inherent moisture the executive properties because of its 
extraordinary triple T-cross segment which structures 
exceptional miniature directs in the fiber and builds the 
surface region for further developed moisture conduct [10]. 

 

Fig -4: Nylon 6.6 filaments nylon 6.6 filaments 
 

    Coolmax freshFX, then again, is a reasonable fiber for 
underwear which joins the Coolmax® moisture conduct and 
scent safeguard antimicrobial fiber innovations. Coolmax® 
freshFX™ is planned by consolidating a silver-based added 
substance to Coolmax. Coolmax® freshFX™ textures 
effectively smother the development of microbes which are 
liable for stench and related scents. Coolmax® freshFX™ 
articles of clothing keep the wearer cool and dry while 
keeping garments smelling spotless and new longer[14]. 

 

Fig -5: Coolmax® moisture conduct 
 

Nike Dri-FIT innovation utilizes microfibers to help the 
body's regular cooling framework by wicking away 
perspiration. The moisture is, then, at that point, scattered 
equally all through the outer layer of the piece of clothing 
and vanishes rapidly. Dri-FIT textures can be made of 
polyester, spandex, or a mix of each of the three however for 
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the most part as microfibers. It is recommended that it ought 
to be worn close to the skin to keep the body dry [15]. 

 

Fig -6: Framework by wicking 
 

X-STATIC® silver fiber from Noble Fiber Technologies 
likewise uses the force of silver to restrain the development 
of microscopic organisms on textures and to take out 
human-based smell. 99.9% metallic silver is clung to the 
outer layer of a fiber X-STATIC® for all time. One hundred 
percent inclusion space of silver on the fiber gives items with 
X-STATIC® an augmented execution with delicate, 
adaptable, and agreeable elements [16]. 

 

Fig -7:  Silver fiber 
 

Outlast® innovation oversees moisture by responding to 
perspire and pulling it away from the skin and proactively 
oversees heat while controlling the development of moisture 
before it starts. It uses phase change materials (PCM) that 
ingest, store, and delivery heat for ideal warm comfort. 
Outlast® phase change materials can be situated inside the 
fiber. In-fiber applications are for items being worn close to 
or exceptionally near the skin. Outlast® viscose is an 
adaptable fiber generally utilized for intimate clothing, 
shirts, dresses, sleepwear, work wear, and athletic apparel. 
The fiber gives delicate quality and comfort like cotton or 
silk [17]. 

 

Fig -8: Phase change materials (PCM) 

7. CONCLUSION 
 
From, the studied literatures 95% intimate apparels 
available in the market are manufactured through either 
synthetic fibres or treated with harsh chemicals, that causes 
skin allergies like irritation and itching, which causes 
discomfort. So, to rectify the above problem, this project 
aims to develop intimate apparel with unconventional 
natural fibre blended with regenerated fibre and using 
natural dyeing techniques and treat it with eco-friendly 
Nano finishes. To provide intimate apparel comfort, thermal, 
aesthetical, sensorial, hygienic, and motional performances 
are required which are mostly related to fiber properties.  
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