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Abstract

The period of pregnancy is one of the most important stages of a woman'’s life. A pregnant woman goes
through many changes that affect the overall lifestyle of the woman during such a delicate time period.
These changes may include changes related to both physical and mental aspects. But the most noticeable
changes are physical changes that occur in the woman’s body. The general body shape and size change
along with increasing body weight. For this reason, special care must be taken into account and special
type of maternity garments must be developed. The following research article focuses on the need for
designing innovative maternity-based wear for a pregnant woman during pregnancy. Through various case
studies, the overall examination of pregnant female bodies during pregnancy was carried out. The time
period of pregnancy from the 1st month towards 9th month is divided into three trimesters. Keeping in view
these body changes and size variations in these trimesters, a special body sized garment pattern was
developed and draping was carried out digitally. A wear and trial process was conducted on different
individuals. For the purpose of garment fit evaluation, the technique of origami was used in the garments
to make them extendable. And the final developed garment was extendable which can be worn throughout
this time period and even after this phase.

Keywords: Garment-Fit Pattern Design, Maternity Clothing, Body Changes, Proportions, MVC Fashion,
Size Variations.

Introduction

Maternity wear clothing is a type of clothing that is worn by women during the time of pregnancy.
Maternity clothing is worn in different time period of the pregnancy to feel comfortable. Maternity wear
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clothing is manufactured with the special fabric with different qualities which are specifically selected for
the comforts and physical fitness of the women (M. H. Sohn and Bye 2015). This clothing is worn as an
adaptation to change in the body size of the women (Ogle, Tyner, and Schofield-Tomschin 2013). The
advancement in the maternity wears started from the mid of 20th century and became more fashionable and
styling in selection of maternity wear clothing. In the past there were no more progressions in this wardrobe
of maternity wear (Science and No 2019). Fashion is switching through different styles constantly with the
passage of time as there were high trend of wasted maternity wear clothing in the 19th century and the
wrapper style dresses were also very common in the Victorian era, which were wrapped around the body
(Pietsch 2013). The proper designing of maternity wear clothing were started at the beginning of 20th
century but these garments were very simple with no proper cutline. The maternity wear clothing is looking
to be wear as in the comfortable medium with the selection of proper comfortable fabrics. These garments
are comfortable in feel because a pregnant woman really required more and more care and comfort in every
type of livings (Yu 2011).

The advancement in the maternity wears started from the mid of 20™ century and became more fashionable
and styling in selection of maternity wear clothing. In the past there were no more progressions in this
wardrobe of maternity wear (Razzaq et al. 2018). Fashion is switching through different styles constantly
with the passage of time as there were high trend of wasted maternity wear clothing in the 19" century and
the wrapper style dresses were also very common in the Victorian era, which were wrapped around the
body. The proper designing of maternity wear clothing were started at the beginning of 20" century but
these garments were very simple with no proper cutline (Pietsch 2013). The maternity wear clothing is
looking to be wear in the comfortable medium with the selection of proper comfortable fabrics. The women
wore men’s waistcoats to covers their bellies in the past (Nenni, Giustiniano, and Pirolo 2013). Some styles
have different styles like they have vents or lace in the back that gives the wearer to perform the needy
actions according to their requirements (Fisk 2019). The techniques are very less used in the past maternity
wear clothing. They are very simple with no modern cutline. These maternity wear clothing were not
wearable at events or functions because they didn’t look good and the women felt unconfident (Tama
2014).

Through various cultural trends, maternity clothing has had many significant changes. Both eastern and
western cultures have a huge requirement for maternity garments of various fashion designs (Shen, Liang,
and Lin 2020). The west has more of a fashionable approach towards maternity clothing designs with
various eye-catching designs resulting in a sort of celebrity culture. In both Islamic and Asian countries, the
maternity wear is much less fitted with clothes designs that include longer hemlines and higher necklines
(Razzaq et al. 2018). The modern age of maternity clothing designs use fabrics with bright colours and
bolder prints (Ho et al. 2009). In both the Chinese and Japanese cultures, there is a major fear of radiation
from technologies like cell phones and computers, especially when it comes to pregnancy stage. The Asian
maternity garments are made from anti-radiation fabrics (Wu et al. 2015).

Another important point is also that not all pregnant women buy maternity wear. Some women do not buy
maternity garments because they cannot afford well-fitting wear, or because they already have maternity
clothes from a previous pregnancy, or passed on from friends and family members (Ho et al. 2009). Many
women have a few options as to where they can buy their maternity clothing’s if there is no convenient
shop close to where they live or work (Lakshmanan, Swamynathan, and Mansurali 2016). Pregnancy is a
huge expense and buying clothes for maternity wear is one of them. Some women are more conscious of
their limited monetary resources and limit their expenditure on maternity wear. Some women are also
concerned with both, style and quality rather than price because they believe that there are not enough
suitable maternity clothes for work and special occasions (Balan et al. 2012). Therefore, they need to buy a
maternity outfit for a special occasion like a party occasion, wedding or other celebrations. In this case
style, quality and colors are more important than prices. Demand from consumers for clothing has grown
and diversified in terms of specific practical and high-performance qualities, in addition to other important
qualities like comfort, handle, and aesthetic appeal etc (Wong and Li 2004). fashion has also been a major
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factor, since the pregnant women wants to appear dressed therefore there is always a problem in adapting to
the current fashion designs (Columbia and Transformation 2016). The expecting mother needs to keep a
positive outlook on life as well as her regular social life. For office working ladies maternity wear is
significance. Because offices and working places, there are a lot of people in which pregnant women have
to work for (Jeon et al. 2015). The wearing of the simple maternity wear clothing in offices that don’t cover
the belly of the pregnant women is not useable. Because the working according to the fit of the body and
using different techniques are less and even equals to zero (Groseclose 1958).

Literature Review
Nonwoven Textiles

Pregnant women carry heavy burdens both physically and mentally because their minds go through many
significant changes, therefore specially designed clothes are high in demand. Both functional and
physiological aspects must be concerned when designing maternal wear and despite these requirements
maternity wear has not been specially designed to satisfy customer demands (Tama 2014). From various
surveys and studies, majority of women have asked about the future development of maternity clothing
which involves the creation of an important design concept of a wearable design that changes with the body
during pregnancy (Science and No 2019). Unless there is a proper and appropriate development of
maternity wear, the market for maternity wear will be greatly affected by the customer’s dissatisfaction
with priorities (Moon 1995). When Lane Bryant, one of the most well-known maternity clothing
companies, was established in 1904, the modern maternity wear industry got its start in the middle of the
20th century and delivered modest maternity dresses (Longhurst 2005). Since then, a popular style of
maternity clothing has been oddly big shirts or an outline of a tent that could conceal or envelop the
pregnant figure (Lee 1995). Virtual prototyping is a strategy during the time spent item advancement. It
contains Computer-Aided Plan (CAD) and Computer-Aided Engineering (CAE) programming to approve a
plan previously focusing on making an actual model (E and N 2017). A few investigations on
representation and advancement of 2D examples in a 3D climate have been led; be that as it may, 3D
programming for fit testing (Toghchi et al. 2019). On the other hand CLO Software on which one can make
patterns and apply them onto the bodies (Yoon, n.d.). There are special types of techniques that are also
used in the maternity wear clothing to produce such advanced garments (Chen et al. 2021). These
techniques are of different types like special engineering techniques, pleats, Origami and Kirigami (Ding et
al. 2013). Since the 1990s, with expanded media consideration regarding pregnant superstars, the
developing number of working moms, and a change in cultural assumptions for pregnancy, maternity
clothing has gotten more up-to-date and reasonable for public spots, in this manner transforming maternity
wear into maternity style (M. Sohn and Bye 2012).

Table 1: Maternity clothing requirements and suitable fabrics for maternity wear

Maternity clothes requirements Suitable raw materials to produce maternity
clothes

e Garments should be expendable for the | ¢ Cotton, viscose with little percentage of
pregnant women. elastane is highly suitable.

e Excess of fabric in garment is the most | ¢ Bio cotton is very preferable, green and health
common approach. friendly.

e Adjustable openings at the waistline | e Polyester should be mixed with high amount of
accommodate the enlarging abdomen. cotton or viscose.

e Stretch panels may be inserted in the abdominal | e Light weight knit, like single jersey will be
area of maternity wear bottoms, stretch panels better.

expand as the abdomen enlarges.
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e They should be long enough and wide enough | ¢ High tech fabric such as elastane is the
to avoid uncomfortable binding. material of choice for the maternity wear to the

form-fitting while allowing the abdominal area

to expand necessary.

¢ This clothing may have laced vets to allow the | e Pleating fabrics and self fold fabrics are also
wearer to adjust to the size of the coat as the suitable for using in the manufacturing of
mother needs. maternity wear clothing.

Details of Fabric in Maternity Wear

Fabric type and quality is one of important factor that should be chosen wisely. Fabric should be very
comfortable and exactly according to types of body that should also absorb the humidity of the body and
also it should be add to retain body heat (Ghaheh et al. 2012).

Critical Review and Research Gap

The gaps in the previous research are that they work only on the garment that can be wear in the single
trimester or in one month of pregnancy. The pregnant women face very difficulties in every era of the
world. They have to encounter with the physical, social and psychological nervousness. Especially, the
women that work in the offices and have outside activities face difficulties with the increasing of their belly
size by the time pass. The garment was very simple in the form of sheath. The garment was very lose to be
appeared on the body. There is absence of work done on the size variations techniques. There is ho work
done on the pattern engineering techniques. They work only on the body shapes or clothing problems.
There is no work done on the comfort’s levels of maternity garments. There is no work done on the formal
and semi-formal ranges of the maternity wear garments. Some pregnant women put on tight dresses like
tight trousers instead of maternity trousers which are neither good for their health nor for the health of their
babies in the womb.

Specific objectives

e To manufacture such maternity wear clothing according to size variation.

e The use of pattern engineering technology, dart manipulation makes garments ready to wear from
3" to 9" month of pregnancy.

e The use of Origami, Kirigami and Fifi techniques for achieving the size variations in different
trimesters of pregnancy.

e Size variations garments according to fit impact fabric.

e To make such maternity wear clothing that can also wear in the formal, semi-formal functions and
parties.

Methodology
This research focuses on different aspects of the maternity wear clothing like pattern measurements change

along the the pregnancy months and techniques applied on the garment in different percentages to adjust
the exaggarated areas of the body with better fit, comfort and better visual appearance.

Body Changes During Pregnancy
Both the medical and fashion fields have a good understanding of the different bodily changes that occur

during pregnancy. During pregnancy, a woman experiences four key changes to her appearance: her body
measurements, stance, and weight.
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Table 2: Methodology procedure
| Examine subject |

| Maternity wear clothing and posture changing research |

Subject analyses and data collection
Subject was analyzed in every month till the child birth

Data analysis procedure
Body measurement and weight measurment were taken, acording to which the size chart developed

Data preparation
3D virtual avatar development on 3D Max software

| Digital draping of sheath garment |

| Research boards |

| Sketches and digital fashion drawings development on adobe photoshop |

| Fabric selection |

| Digital pattern development, digital draping on CLO softwae |

| Design technique implementation(Origami, Kirigami, Fifi style) |

| Segregation of 21 garments into 9 garments according to visual appearance and fit |

| Physically draping experiment of 9 dresses to check the fall and fit of garments |

| Collection/ Ready to wear |

During pregnancy the woman goes through different trimester which is furthur divided into various stages.
The last two pregnancy trimesters are considered important because during these two periods, a pregnant
woman will most likely need to wear maternity garments. A woman's pregnancy cannot be dismissed or
hidden due to the significant physical changes she experiences in the last two trimesters, so appropriate
clothing must be able to support these changes.

Pregnancy typically results in an eight to ten inch rise in waist size for most women. According to studies,
the bust and hip measurements—which are directly linked to the waist and abdominal extension—also
increased, and the waist and abdominal extension typically experienced the greatest increases (4-5 inches).
Various pregnant women have different abdominal expansions. Others keep their babies much lower in the
pelvis than those who carry their babies high in the abdominal cavity. During pregnancy, the size of the
breasts also varies, and the bust circumference typically increases by two to three inches.

No matter which types of abdominal expansions the pregnant women go through, a proper and correct body
balance must be taken care of, which causes the vertebrae to temporarily curve. The front of a woman's
overall figure is lengthened as a result of this specific type of curvature, posture changes, and appearance of
a swayed back.
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A normal pregnant woman typically gains 13 kilograms (29 pounds) of weight during a 40-week
pregnancy. The comfort fit and appropriate sizing of maternity clothing must take into account these bodily
changes in the pregnant woman's body.

Results and Discussion

Subjective assessment

In this subject examine process, an average size participant was selected. Because an average size candidate
is always the best choice for examine the changes in the bod. The subject is approximately 5°5” to 5’7 tall.
The forms are distinguished by completely formed, properly proportioned figures. About two inches
separate their hips from their chest. The typical participant in this research was a 26-year-old female who
was 5'5" and 160 pounds and was expecting her first child. The subject was measured every month with the
help of nurse throughout her pregnancy.

Data analysis and size chart

This data analysis consists of four parts:

. Data analysis

) Analysis of changes in the body measurements

. Analysis of changes in the body shapes

. Analysis of changes of the relationships between the body changes and the pattern changes

This research used body surface measurements, which are obtained using a measuring tape and weight
machines in each month of each trimester, to analyze changes in body measurements. The research data is
collected from the MNCH Gove hospital from the 3™ month of the pregnancy to the 9™ month of the
pregnancy under the supervision of the gynecologist. The measurements are taken in the different forms
and then noted down on the forms to assembled and noted on the size chart. The size chart is assembled and
made according to the measurements taken in the different form from the first trimester of the pregnancy to
the third trimester of the pregnancy.

Size Chart (Materninty Wear)

All Measurements i Inches Date: 1182021
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Figure 1: Size chart developed from monthly examined measurements of subject
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Development of 3D avatar

The data was collected, arranged and prepared in the size chart. By using this size chart data 3D avatars
were prepared on 3D Max software. 3D Max uses for checking the fitness and body evaluation of the
garments fit technology. The specific avatar and draping are figured out are created with the help of 3D
Max.

Digitally draping of sheath garment

From the first trimester of pregnancy to the third trimester of pregnancy, various measurements were
obtained from the size chart and used to determine how the various sized bodies should be draped. The
simple sheath garment draped on the different sizes of the body as shown in figure 10. The sheath was
draped along with the body for analyzing the garment fit of the body according to the different sized
mannequin technique.

Research boards

Maternity wear garments and the proper cutline has been searched for the development of garments
including eastern and western maternity clothing and modern day trends to identify their pros and cons to
derive more creative and comfortable garments with proper fitting which is the main motto. Five theme
boards are developed with variant compositions to make them easy to understand with perfect visuals.
Cutline boards consist of all the cutline of maternity wear and the detailing within the garments such as
pleats, volume, ease collar style, bodice styles, sleeve designs and the techniques of fabric through which
the garments get their role as maternity wear. There are various fabric manipulation techniques that are
created by different designers to achieve the ideal fit and comfort for the pregnant ladies. The research of
cutline board also included all type of maternity wear clothing day wear, ready to wear, evening gowns,
formal wear and party wear.

Sketches and fashion drawings

Sketches are developed from research boards by adjustment of different cutline in dresses to achieve the
ideal garments for the maternity wear as per requirements of better fit and spectacular visual appearance.
Creative maternity wear garments are sketched digitally by using adobe Photoshop software. After the
development of the sketches, the physical form of maternity wear clothing was then achieved through the
proper color illustrations by observing their fall and physical appearance of the colors. There are
approximately 120 types of moods were observed during the analyzing of pregnant women and we
observed that likely 20 types of moods was generated due to the effects of the colors of maternity garments.

iy ,«h

. o L

Figure 2: Digital fashion illustrations developed on Adobe Photoshop according to the sketches

v
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Fabric Selection and Manipulation

Fabrics used in maternity wear should be chosen very wisely which are comfortable and gives better fit to
the women. Fabrics like light linen, airy cotton and soft viscose lycra are selected to use in maternity wear
clothing because fabrics like these are comfortable, airy and easy to carry with the techniques we will
applied on these fabrics. Fabrics selected for the maternity wear were now treated with fabric manipulation
process. Different types of techniques are applied to the different fabrics according to their fall.

Origami, Kirigami and Fifi style techniques are used to manipulate the fabrics to convert them into new
innovative fabrics with qualities of size variation flexibility and better fit. These techniques are of different
styles like overlapped shaped by multiplying texture back upon itself and getting it set up. Creases are
ordered as squeezed that is, pressed or in any case heat set into a sharp wrinkle, or undressed falling in
delicate folds.

Digital development of pattern and garment draping

After developed VMs the pattern developed according to the size chart, is now virtually draped on their
bodies to understand the fabrics fall and to examine them how they look in all 360 angles. New patterns
were also evaluated according to the fit and requirement of the body and look of the garment according to
the changed body measurements

Figure 3: Digital development of pattern and draping on CLO software

Design technique implementation

Origami technique is than digitally applied to the garments on CLO in 3D forms. Body shape changes from
1 to 9 months and the percentage of this technique is applied 10% from third month as the major changes
occur from the 3 month. Respectively through every month the percentage of applying this technique is
increased by 10%.
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According to the developed size chart the Kirigami technique is applied on the different portions of the
dress to check out the comfort and the fabric use and all the ways to get Comfort. Body shape changes from
1 to 9 months and the percentage of this technique is applied 10% from third month as the major changes
occur from the 3 month. Respectively through every month the percentage of applying this technique is
increased by 10%. The Fifi style with dart manipulated inside is used in different percentages for different
dresses. Body shape changes from 3 to 9 months and the percentage of this technique is applied 10% from
third month as the major changes occur from the 3™ month. Respectively through every month the
percentage of applying this technique is increased by 10%.

Digital ramp walk

The garments developed digitally on CLO software are also checked in animation by ramp walk, through
the videography of ramp walk the fall and feel of the fabric can understand more precisely. The developed
garments are seen from all 360 angles to identify the perfect fit and looks before creating these garments
physically.

Figure 4: Digitally ramp walk of dvelope avatar wearing maternity dresses

Segregation of design technique

Origami, Kirigami and Fifi style techniques have been discussed in details and different percentages of
these techniques also applied on the CLO in 3D virtual reality to check the visual appearances and the
fitness. Different percentage implementation of these three different techniques gave 21 different outfits for
maternity wear. These 21 garments segregated into 9 garments with different percentages of techniques
applied on, according to the better fit and comfort.

All of these garments than re-segregated into 9 more garments with different ration of techniques on the
same garments to achieve more precise requirements. The 70% design technique divided into 50% Origami
and 20% Fifi style to achieve more perfect visual look rather than applying 70% of just one type of
technique. Through this segregation the nine digitally developed dresses than redeveloped into new
garments.

Maternity wear garments are segregated to the final nine garment on which different types of techniques

were applied to achieve the perfect fit and visual appearance. Origami, Kirigami and Fifi style techniques
were used to manipulate the fabrics to create 3D structural designs to create better fit for maternity women.
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origami technique [Ikirigami technique [Ififi style/dart manipulation

Figure 5: Different technique ratios applied on 9 developed garments
Physical draping experiment on size 42 mannequins

All the techniques with different percentages are now developed physically on fabrics or create the
garments draping on size 42. The first step to drape the garments physically, mannequins are developed
according to the sizes of every month of our subject. According to the size chart through padding the
mannequins are exaggerated to the size chart developed from our subject by every month. Padding on bust,
upper belly, lower belly, waist line and around the hips is done on 9 mannequins to show the size of every
month. The first two mannequins are not padded because there are no changes in first two months of
pregnancy.

Figure 6: Physical draping of finalize 9 garments on padded mannequins

According to the all requirements and indeed design techniques and variations along with the better fitting
two of these 9 garments are selected to be developed into proper garments. But these two garments have a
little problem after wearing as due to the extra volume of pleats and drape along the sleeves the garments
weigh heavy and a bit uncomfortable. So by keeping those things in mind these two garments than treat
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digitally on CLO software to change their patterns into newly developed patterns by which there must be
no problem and those garments will be perfect for maternity wear.

Physical development of finalized garments

After redeveloping the pattern and draping the finalized two garments, these two garments are now made
physically to check their proper functioning fitting and comfort by wearing the models. According to the
figure 33 you can see the garments are wearable in any trimester of pregnancy, they will adjust with your
body and gives the woman a spectacular and graceful look. The wearer will feel confident in these dresses
for sure because the dresses are very comfortable in wearing.

Conclusion

The findings of this study show significance of better fit maternity wear clothing with comfort and size
variation properties which make them wearable any month during pregnancy. In this study garments
developed for maternity wear can fit according to the body posture of a pregnant woman with full comfort
and spectacular visual appearance. These maternity wear garments includes formal, semi-formal, ready to
wear, day wear and evening gowns which will not highlight the change in body posture due to pregnancy.

This maternity wear collection is targeting working women, they can wear these in any type of official or
non-official meetings and greetings to present themselves full of confidence about their body shape and
posture.

Design techniques Origami, Kirigami and Fifi style/dart manipulation are implemented on different kinds
of fabrics to achieve different type of 3D structure of fabrics to adjust the exaggerated body posture with
comfort. These techniques were applied in different ratios on the garments to achieve the perfect fit and full
comfort. Segregation of 21 garments to 9 fit garments and resegregation of 9 garments to 2 perfect
garments with better fit and size variation property.

The use of 3D technology in this research is one of its noteworthy features to develop garments for
maternity wear. The use of CLO, 3D Max, Adobe Photoshop and Corel-Draw helps to develop 3D avatar

of pregnant women’s bodies to experiment unlimited techniques styles and different kinds of fabrics
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digitally to achieve more perfect garments. This step towards the 3D technology makes this study less
expensive as well as more plot to explore cutline according to better fit. Study showcases the body shape
information that has been gained through a visual analysis for the overall pattern development and fit
process. These 3D technologies allow for the creation of computer-generated visual displays that
demonstrate how the clothing will appear on the body without the need for fabric, live-fit models, or
duplicates of trial-based garments. The "garment pattern" and "fabric" are the two main components of this
overall research that affect how well a garment fits on the body. The purpose of this research is to ascertain
the impact of various design methodologies on the garment fitness of maternity wear clothing.
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