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ABSTRACT

The purpose of this study was to develop a textile component systemncking
anatomical structures that whadded to dypical shapewear produetill straighten and
bal ance a peThsexpeltmentagyst eme.i s referred to
Modi ficati on System using S o Currentmpesture r i al s
modification garmerst fall into two categoriesi) health and rehabilitation garmsn
focused on physical changesing rigid material&nd?2) lingerie-type garments typically
called shapewear that focus on achieving an ideal sty compression qualities of
knit fabrics This study explaed the middle ground afesigning a comfortab) wearable
product that aligns posture using textile correction forces strategically placed in the
garment.

A biomimicry approach was used in designing phetotypeusing the inspiration of
anat omi cal features of a woplacemehtsof textle s 0 t
components(PMSS) in a garment.A prototype was developed hpcorporatingthe
PMSSinto a commercially available shapewear prodaAdter a pilot testthe prototype
was refined and a more comprehensive test was condUatetiye women participated
in the study to determine effectiveness of the prototype includingosture changes, 2)
posture correction force, and 3) wearer acceptabiffgrticipants were scanndldree
times; while wearing the prototype, wearing a typical shapevpeaduct and in their
own underwear. Posture differences in wear conditions were analyzed. Posture correction
forces of the textile materials were measured usingdata fabric tests. Participants

completed questionnas®n wearer acceptability.



Reallts included 1) body angleassessmenindicated thatwearing the prototype
affected posture including mobalance shouldes, aignedlateral center of gravityand
straigher spine 2) textile characteristics othe PMSSincorporated intoa shapewear
compressiorgarment contribute to more erect and balanced postuard3) participants
were more satisfied with posture and body shapen wearinghe prototypehen when
wearing theshapewear garment

This studyindicates that the inherent propert@stextiles (compressiorand tensile

force from stretchgan be manipulateid a garmenin various ways tonodify posture
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CHAPTER ONE: INTRODUCTION

Statement of Problem

Posture is an important factor contributingdeeral health and influencing body
imagefiGood postureo is described related to p
although the definition of fAgoodoKendal t hese
McCreary, Provance, Rodgers, and Romani $208efine posturea s thefirelative
arrangement of t he prhey goson w fdefirte lywod pgostwleyia  ( p .
physical terms, asihat state of muscular and skeletal balance which protects the
supporting structures of the body against injury mgpessive deformity, irrespective of
the attitude (erect, lying, squatting, or stooping) in which these structures are working or
rest i ng Whkile gfog postirelagsumesfaulty relationship of the various parts of
the bodyleading to concurrent pain the head, neck, and jaw as well as structural
adaptations such as ligamentous and muscle shortening or lengthening with continued
faulty posture on a daily basis (Norkin & Levangie, 199Riiman (2014 stated that
faulty posture rélects a charactestic of healthas well as beauty daulty postureis
aesthetically unattractiveSeveral studiesdescribe the ideal body in the western
social/psychological context as posture thasysametrical with balanced proportions
(DeLong, 1990; Delong, 199&outy, 1968a; Horn& Gurel, 1981;LaBat, 1987; LaBat
& Rasband, 2006Fate & Shafer1982).

Over the years garments have been designed to modify pasili@ body shapi®
achieve what is determined to be either good physical postaeideal posturdased

on social and cultural normsGarment designs focused on physical posture tend to



emphasize possible positive health effects. Types of girdles, trusses, back supporters, and
posture correctors are marketed as posture modification garments that meay goor
posture.These garments, often made rofid materials, are typically uncomfortable
because of skin stress and mobility limitations, so everyday use is diffidciRdberts,

2008).

Garments designed to modify the body, in bskiapeand poatre, to meet social
appearance ideals have also been available for years with most of these garments
marketed to women. The corset may be the mostkmelNvn and controversial garment
in the history of fashion (Steele, 2001). Variations of the wamthing corset are still
marketed today. Other body modification undergarments include bras, girdles and other
foundati on gar ment s. fs o ahe gadreerit pravididg thp basis u ma b
for other garments worn over the undergarment, and possibhdprg a solid postural
foundati on t o (Stdele, 2008 Madeznrsiiage miodifydngproducts are
different and are commercially successful because they are ofaslaft stretchable
textiles developed to provide relative comfort and enhanced sluajye(Apsan & Stark,

2006; Entwistle, 2000 Jonesand Guilbault (2014) reported the success of t2€13
foundation garment marketith U.S. sales offoundation garmest today known as
shapewearat$697.6 million

Some shapewear companies cldioty shape effects as well pesture modification
effects based solely on compression of the textiles on the torso, and possibly the legs, of
the body. Althoughthe garments may beelativdy comforiable and body smoothing
effects on posture are not as ent This study focused on the possibility that textile

elements added to currently available shapeweaducts may have noticeable visual



effects on body posture. Experimenting with the inherent stretch and compression
characteristics of textiles to mdgibody posure could provide a middikground between
rigid posture fAcorrectorso and fashion st

equally around the torso.
Statement of Purpose

The purpose of this study was to devebpextile component systeadded to a
shapewear produndto evaluatethe posture effects of the modified shapewdde
system added to the shapewear is referred
Soft materials structureso or P& the The p
general compression of the shapewear with a systextefsibleextile bands applied to
the back portion of the shapewear that simulate the postural muscles of the back of the
human bodyThe PMSSstructured with specified elastic material banthy be added to
commercially available shapewear garments and other compressivepsmiMats
originally designed to provide overall definition of the ridso.The goal of thd®PMSS
is to achieve modified postusnd smooth body shape witblative comért usingnon
rigid materials and structures. In addition the study goes beyond assessment of posture
changes in the standard standing anatomical position to postural effects on the body in

various load carrying positions.

Objectives

Objective 1: To develp a PMSS to be inserted into a compressive-safctural
garmentspecificallya typical shapewear garment.

Objective 2: To develop a prototype by modifying a commercially available shapewear



product with addition of the PMSS.

Objective 3: To assess dttiveness of the prototype in modifying posture as compared

to wearing a commercial shapewear product and no shapewear (person wearing their own
underwear).

Objective 4: To assesgosture correctiorforce of the prototype upon the body as
compared to wearg acommercial shapewear product.

Objective 5: To assess wearer acceptability of the prototype as compared to wearing a

commercial shapewear product.

Research Questions

Question 1: Can the PMSS added to a commercially available shapeweductbe
effedive in modifying posture?

Question 2: Do the PMSS materialeombined with the shapewear product fabrics
provide greater posture correction force than the shapewear product fabrics alone?

Question 3:Will the PMSS added to the shapewear product be acteptalvear?

Significance of Study

Some shapewear companies achieved commercial subsegsoviding shaping
effects with comfort and various forms of the garmemfts example, Spanx® and
Madenform® generate around $250 million (Ireland, Hoskisson tt&28i10) and $210
million (Chaudhuri, 2013)n annual sales respectively. However, thappear to be
opportunities tofurther improvemat the shapeweaproducts A soft structuraldesign
elementmimicking the back muscles and spinal colunsombined witha shapewear

garmentmay reduceeliance on compression alone to achieve igeatureby using the

4



unique directional forces of textilds strategicallydirect posturechange.This study
investigatesthe possibilityof usng materials of difering extendility and pounds of
force to developa more comfortable garment while maintaining desired pesiod
shapingeffects. This study can lead to investigation ather types of directional force

materias to strategically align and shape the human body.

Limitations

The limitations of this study include gnall sample sizeapplication of the textile
support band system to an existcgmnmercial product, and the prototype is not intended
as a therapeutic posture device

Twelve participants tested theropotype However, thesample numberis not
sufficient for statistical analyseso thatthe study will not represent the range of the
population of US women. However, observation of coherent and consistent posture
changes through diverse scan positions dach participant should provide sufficient
information on effects of the PMSS on posture changeture studies should include a
larger sample representing a broader range of sizes.

For efficiency and to test just one component of a wearable pagtpp®rt system,
the prototype focused on supplementing a commercially availdéialpes/earproduct
with additional elements to the back of the garm€&headditionalbands(PMSS)cannot
function independently but must be anchored to a shapewear garngegbopression
garment Thus, wearing a garment that provides compression is necedadsrstanding
the total scope of human posture related to a complete garment design is necessary in the

next steps of development. So consideration of the relationslyarmentcompression



along with strategically placedirectional forces designed into the garment will be
necessary for future design exploration.

ThePMSSadded to a commercial shapewear product is not intended as a therapeutic
device to correct poste abnormaties and not intended folong-term use Rather the
exploration ofthe potential ofextile structures tanodify posture is intended as a starting

point for further development of wearable products that change and shape the body.

Definitionsof Terms

Postural Alignment: Postural alignment is determined by the vertical positioning of the
vertebrae (Rhodes, 1996aladin & McFarland, 2008Vedern, Rhodes, & Stevenson,
2002. Vertical positioning of the vertebrae established by the relatidnp between the

five regions of the spinal column and their relationships to one another (Rhodes, 1996).
The spinal column comprises five regions: the cervical area (neck), thoracic area (upper
back), lumbar area (lower back), the sacral area (pelvisthantbccygeal (tailbone).

Posture Modification Garment: As one of the effective traditional posture correction
methodsagarment(or devicéorthosis) has beeapplied to the user in order to train body
muscles for proper posture via a passive force {&ali, Durdle, Lou,& Raso, 2001;
Dworkin et al., 1985Wong & Wong, 2008 In this study, apparel products fposture
modification (or improvement/change) purpose are called posture modification garments
(definition of the termoriginal to this study Some products which claim posture
modification are currently on the commercial market called: back supporter, posture
corrector, shapewear, girdle, lingerie, brdwa, corset, etc.

Posture Modification System using Soft materials structures (PMSSEXxperimental

device ortextile band structuréncorporatednto a typical shapewear garment made of

6



soft stretchable fabrics providing posture support to align the spine and shairiders
enhancing the body shaf#efinition of the termand system original tthis study).

Posture Correction Force. The degree of spinal correction using
orthosis/device/garment is related to many interconnected fa¢tatsn(at al., 1999)
One of these is the forces acting through the pads/detittee orthosis upon the body
(Van den Hout, Van Rhijn, Van den Munckhof, & Van Ooy, 2002).

Load-elongation Behavior of Stretch Fabrics:A Tr u e el astic fabri
substantial percentages of elastomeric fibers such as spandex may be used in foundation
garments, brassieres, swim tsyiand some active sportwear. L-pawer formfitting

fabrics may also be used in swimwear and activewear. Comfort stretch fabrics are used in
loosefrfitting garments that will stretch under light loaa@vierkel, 1991).

Shapewear: Shapeweais a foundaton garment functionally designed to help wearers
achieve a desired body shape for aesthetic purposessysgatal support or posture
support by providinglothingpressure (Pithers, 2010).

Shapewear FirrmessLevel: Shapewear garments may be categorizedraing to level

or shape control offered for instance, light, medium or firm. Some shapewear companies
define the firmness levels: 1) light, moderate, firm, and itna defined by

Maidenformr® Retrieved December 2, 2014, from
http://www.hanes.com/onahesplace/womershapewedr 2) medium, super, and super

duper by Spanx®Regtrieved December 2, 2014, from

http://lwww.spanx.com/shop/spanx/shapeweaid&atatidtn_spx_sw).



Comfort: Comfort is a subjective perception and judgment of a wearer on thedbasis
integration of physiological, psychological and physical variables and their interactions
with theenvironment (i, 2001; Slater, 1985; Tarafder, 1994).

Wearer Acceptability: Wearer acceptabilitgcales determine how subjectsdieand also

how they pereive the fit and comfort of clothingHuck, Maganga, & Kim, 1997)



CHAPTER TWO: REVIEW OF LITERATURE

A review of literature was conducted as background for this study. The review is
organizedunder fourthemes product developmenpostue, posture correction force, and
wearer acceptabilityThe postureéhemeincludesthreetopics human posture in context,
posture modification methodand posture assessment metho@lee psture correction
forcetheme includeslothing pressureaneasurig posture correction forcesing pressure

sensorsand measuringosture correction foraef stretchable fabrics

Product Development

Product development for apparel imves processes the designers tselevelop a
garment ando understand how accepla the proposed design is to the wear&io
systematically organize the design ideas for task performaseeof an effective design
process is necessaryarious sources were reviewed to determine effective functional
clothing design processes for tAMSS development

Functional clothing development can be commonly characterized by -@nsated
process and the design processes heavily emphasize the initial research phase when the
users and ussituation are investigated (DeJonge, 198%pme designprocess
frameworks for functional clothing design have been developed to lead designers to
conduct more research at the initial phase for effective problem solving and optimal user
performance.

DeJonge (1984) proposed a design process for functional rjotesign. She
emphasized the importance of the first step in design; at this early stage, the designer

should explore as many directions as possible and the criteria for the prototype evaluation



when the initial request is made for a design solution.rAdt@rototype is developed,
evaluation of the prototype is made possible by using the criteria developed in an earlier
stage.

Later, Watkins (1988) proposed seven steps for teaching functional clothing design
adapted from Koberg and Bagnall (1981) inclggihe following stepsl) acceptance, 2)
analysis, 3)definition, 4)ideation, 5jdea selection, Gmplementation, and 7) evaluation.
This process has some common stages compared to the framework developed by
DeJonge (1984).

Design processes developey dther disciplines also can be applied to functional
clothing designFor instancel.ewis and Samuel (1989) proposed an engineering design
process including the following stages:ptdblem recognition, 2problem definition, 3)
exploration of the problesiand solutions, 43earch for alternative, Sgvaluations and
decisions, 6ppecification of solution, and Mommunication of solutions. This process
heavily focuses on the initial phase for problem definition and has some common stages
compared to desigprocesses fdunctionalclothing design.

LaBat and Sokolowski (1999) stated that many fields such as education, psychology,
and philosophy have used some design processes evolved from these fields contributing
to the use of similar processes in all agghldesign fields to aid creative thinkinbhey
reviewed design processes from architecture, environmental and industrial design fields.
The common stages of the design procegsee dividednto (a) problem definition and
research, (b) creative explaat, and (c) implementatio.his design processas used
for this studysinceit has been established as a systematic frameimoliding design

stages playing a key role in the process for functional product develapment
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Posture

Human Posture in Context

Posture is defined as the alignment or orientation of body segments while maintaining
an upright position (Kendadit al, 2005). Good postutgelpsa persorto participagin an
active and healthylife and achieve good body imag@®anielsson, Romberg, &
Nachemson, 2006)Since posture réects a characteristic of healtas well as beauty
posture can be assessed from a purely physical perspective and from a

psychological/social perspective.

Posture: BysicalPerspective

From a physical therapy or phyalamedicine perspective good postureédined as
fithat state of muscular and skeletal balance which protects the supporting structures of
the body against injury or progressive deformity, irrespective of the at(iweet, lying,
squatting, or stooping n whi ch t hese struct(Kemdalletalar e wo!
2005). In gphysical perspectivbalance is an important factor in describing good posture.
Posture asymmetries are associated with the risk of progression in posture deformities
(Kouwerhoven & Castelein, 2008), and can affect functional activities (Gitad, 2006;
Mahaudens, Thonnard, & Detrembleur, 2005) because maintaining improper posture for
prolonged time exerts significant stress on the spine (Lewis &Valentine, .2Rd@)
postue that assumes a faulty relationship of the various parts of the badyead to
concurrent pain in the head, neck, and jasvwell asstructural adaptations such as
ligamentous and muscle shortening or lengthening with continued faulty posture on a

daily basis (Norkin & Levangie, 1992Furthermore,poor posture is related to the
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physical abnormalities such as scoliosis, kyphosis, or lordosis (Birbaumer, Flor, Cevey,
Dworkin, & Miller, 1994).

Scoliosis isa medical condition in which a person's spineusved laterally (from
side to side). The signs of thoracic scoliosis include a rib prominence or a prominent
shoulder blade, caused by rotation of the ribcage, uneven hips, arms or leg lengths. It is
important to prevent or treat extreme scoliosis bexgusauses uneven musculature on
one side of the spine, putting pressure on the heart, and restricting physical activities, and
low nerve action in some cases (Saladin, & McFarland, 2@ghty percent of people
with scoliosis are women and a gdak treatment of scoliosiss to modify body
imbalancecaused by excessive spinal curvat{Dgvorkin, et al, 1985). Achievement of
aligned spine is important to treat or prevent not only scoliosis bukgtdmsisdefined
as an exaggerated thoracic curvatarel lordosis defined as an exaggerated lumbar
curvature affected by aging or weight gasit can affect functional activities and limit
participation in active life@anielssoret al, 2006;Mahauden®t al, 2005.

Medical posture modification interveons are used with the goal of preventing
further progression of a posture deforméyd further achieving the balanced alignment

of the body.

Posture: Social/Psychologic®erspective

What is beautiful or aesthetically pleasing about the human bodtesmined
within a social settingLaBat & Delong, 1990)Defining orprescribingan ideal body is
controversial, but ideal body definitions are undeniably a part of society and cAkure.
an importantestheticomponenbf the human body, idepbstue canbe defined within

a social contextHowever, thereare few studieghat provide a cleardefinition of
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fi g o/idedb posturein these contextd/arious sources were reviewed to deternvifat
is deemed to bigleal posture imsocial context.

Douty (19638) proposedody shap@and postur@ssessment tootelative to the fit of
apparel using a research technique called somatograpisy.methodis based on the
theory of recommended alignment of segmental body units for the purpose of body
image assesnent The alignment of the body segments on a somatograph, a silhouette of
the body photographed against a screen marked with agyodmpared to a balance line
and thereby any misalignment of any unit could be identifbalty (1968a)proposed
postue scales foassessing thiateralsilhouettealone However, assessment of anterior
and posterior viewss importantin determininga  per sonds s ljHatoe and
Bayley, Broadhead& Knox, 2002) Douty (1968a)rated postureon a 5point Scale
faulty (1 point), poor (2 poirg), average (3 pois}, good (4 poird), and excellent (5
points). She described xeellentideal posture(Figure 1a) as: headup, shouldersup,
abdomerflat, back curvewithin normal limts, kneesflexed body balanced over arches
alignmentperfect shoulderseven,legsstraight The descriptionof postureassums that
theideal postureexhibits abalanced alignment of the bady

Several researchers studied the ideal figure in regardalancedody structure and
proportion.Proportion orthe relationship of one segment of the body to another is often
used in describing the idegure (LaBat, 1987) Horn and Gurel (198 describe the
average figure as a realistic ideal figure erms of proportion(Figure 1b). They
included body alignment as an important factor indicgp@gdectionin proportion.Ther

descrption ofbody alignments:

ABody al i gn me n perpensliculaminéalliogafrore tthe elryobeato the
inside of the heel, passinigrough the center of the shoulder and hipline and slightly
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to the front of the leg at knee level. The body weight at chest, waist, ateldgpis
thus balanced on either side of the plumle lim profile view. Looking at the figure
from the front, straight legs meet at upper thigh, knee, calf, anqHooh & Gurel,
1981, p. 369)0

This description of body alignment indicateatthalanced structure is a critical part
of the idealfigure and proportionTate and Shafer (1982) stated tiaggalized figures
shown in fashion illustration, photography, and runway models conform to the ideal in
proportion and balanced 6 B r ane Shelton(1941) emphasized thaproportion and
balance are impontat factors i n describing i deal f
standards for apparel sizing systems vaémydescribing an ideal figurd)elong (1998)
assumd theanterior view of thdodyis bilateraly symmetical; that is, the left and right
halves appar similarwith the widths of the silhouettes and body configurations varying
(Figure 1c). The previousstudiesindicate that although th&egmentsf the silhouettes
and body configurationdiffer, balancedskeleal structureis assumedn describingan
ideal figure

Rasband2006) determinedsix body characteristicsaffecting the ideal figure. The
characteristics include: height, bone size or structure, weight, proportional body areas,
contour and figure typeand posture. She emphesil the importance of posturim
describingan ideal figureShe defined por posture aa slumped, slouched, rounded and
swayed body alignmentcausng apparelfitting problems at the shoulders, breasts,
stomach and buttockShe sated that Bhough a woman has an ideal proportion and
body weight poor posture makeser body less perfectConversely, a less than ideal
bodycan appear more nearly ideath an ideal postureSheassumd thatideal posture

is evident when the head cameck are centered over the shouldgiigure 1d). The
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balanced shoulder and slightly lifted chasth the hip being level are alstecessary
Shestatel that fitting problems can often be eliminated or improlgdachieving an

ideal posturgrovidingbalanced structures
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Figure 1. Ideal posturesassumedi social contexts

The termpdstteaed is not often used in re
visual documentation and reading descriptions, it is fairly evident that ideal posture

assumes thealanced alignment and proportion of the body.
Posture Modification Methods

To achieve balanced alignment of the body in physical and social/psychological
contexts, a variety of posture modification methods have been developed for clinical or
nonclinical purposes.Methods and techniques to modify posture are described in
medical literature related to health improvemerdnd apparel literature related to

achieving an idedody.
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Surgical methods are used to correct posture deformities and to relieve pain; however,
the focus of this study is amon-surgical methods, especialixtenal wearablesised to
modify posture.Non-surgical treatment methods that have received much attention in
research incluglexercise therapy, biofeedbaakdorthoses (bracing)l.ou, Lam, Hill, &

Wong, 2012).

Physical Therapy and Biofeedback

Although probématic spinal regions are different for scoliosis, kyphosis, and lordosis,
treatments have been developedstrengthenoverall back muscles using different
methods (e.g. by exercising or training using electronic device or a garrSentge
studies indicatd thatthe primary aim of exercise therapy is to strengthen back muscles
and increase spinal flexibility of the patient and sometimes, to improve kyphotic
deformity but typically insufficient in improving posture compared to other posture
alignment methosl such as biofeedback orthoses(Frontera, Silver, & Rizzo, 2008;
Wong& Wong 2008)

Recently,biofeedback which involvea device placed on the body to detect body
signals that tell the person abdig/herposturalchanges has beeised(Wong & Wong,
2008. Many studies found th methodeffectivebut there are some limitations associated
with biofeedbacldevices or data For instanceSEMG record surface electromyographic
activity, is only a close approximation of the level of electrical activitthefmuscle, and
it may not directly represent the number firing frequency of the motor units in the
muscleof interest so that it is possible to use the SEMG records of large superficial

muscles for the purpose of biofeedb&tlrker, 1993).
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Orthoses

Orthoses (bracing/corset/vest) have been usedecrease pain, to protect against
further injury, to assist weak muscles, and to prevent or help correct a defbgmity
supporting trunk alignment via a passieoece (Bazzarelliet al, 2001; Dworkinet al,
1985 Fisher, 1990Wong & Wong, 2008)Lusskinand Berger(1975) stated thathese
objectives are gained through the biomechanical effects of 1) trunk support, 2) motion
control, and 3) spinal realignment.

Fisher(1990)categorizes orthoses into twaegoriesrelated to the area of the boslie
that is covered;cervical orthoses and thoracolumbosacral orthoSesne types of
orthosesurrently on the marketre:thoracolumbar orthoses, prefabricated orthoses such
as theBoston orthosisandcustomimade othoses such as tli&henau corsetommon in
Europe (Dolan &WVeinstein, 2007)AppendixA shows a range afrthose currently on
the marketpurporting to providgosture modificationA search of the market indicate
that various orthoses have been develggemivever there is lack of academic research
on orthoses design and effectiveness of desiim& studiesfocusing on evaluating
effectiveness of orthosesgere found and reviewed/illion, Nilsen, Jayson, and Bak
(1981) compared a corseithout support to onenanufactured by Johnson and Johnson
Ltd consists of a wide wrapver body belt in various size$hey concluded thathe
spinal support in a lumbosacral corpatvided significantelief effects orsymptonsand
the corset with support was subjectively prefefogdhe weares. Loguidice, Mahoney,
Haldeman, and Andersson (2005) evaluated the acceptability and effectiveness of a
bracelike vest which applies a traction force to the spine and the reseaccinetuded

that the braces benefit patients with back pain.
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Although generally orthoses are effectimemodifying postureor eagng back pain as
a treatment for clinical purposdheycan cause healfbroblens. Bazzarelli et al. (2001)
emphasized that pleinged brace usageas been related teduced spinal flexibility,
permanent deformation of the rib cage or soft tissafethe bodyat pressure points, skin
breakdown or allergies and altered gastrointestinal motility (Froetes 2008)as well
as relucing the amount of muscular activity needed to maintain truck support (Fisher,
1990) Beyond those problems, poproduct quality and/or bulky seams may cause
discomfort andoroducts mayack durability (Macintyre & Baird, 2006; NYip, 1993).
Thus, someresearchers emphasized that the problems such as bulkoesse
discomfort, limiting activities and attracting unwanted attention may lead to lower
wearer acceptability (Bazzaredit al, 2001; Fronterat al, 2008).

Clothing pressure can ba healh risk factor. Sometimes highelothing pressure is
necessaryo treat abnormal bone structures by forcing the abnormal spinal curidture
a modified postureRecent experimental studies on tight fitting clothing have indicated
that the pressure exetteby clothing adversely affectcertain aspects of the normal
physiol ogical b al a Harumi, Miyuki, tHiden, &Keyakaze, P00 body
Lee, Hyun, & Tokura, 2000Sone, Kato, Kojima, Takasu, & Tokura000. Functions
that wereaffected includedlietary carbohydrate absorption (Saeteal, 2000),a rectal
temperatureincrease(Lee et al, 2000) and blood pressure (Harumi al, 2001).
Miyatsuji et al. (2002) demonstratedhat bras exerting pressures as high as 75 mmHg
have a significant negatiry impact on the autonomic nervous system.

To avoid possiblehealth risks and low wearer acceptabildf orthoses made of

rigid/nonstretchable materials or highalothing pressure there have been some
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academic studies with different approaches to @gvpbsture modificatiorgarments
using soft structural material'he academic search resulted in only two proposed
designs onedevelopedy anundergraduate and obg adoctoral studenfsee Appendix
B). Both stidiesconducted to develop and assess the prodoctsed on thepper body
(thoracic region) onlyabove the waist)Results of the studies were documentetha
published thesegew studies for development pbsture modificatioryarmens indicate
a possibility of modifying posturausing soft structural materials for netinical purposs,
not for treatmentHowever to improve overall spinal regions more research on the
developmenbof soft structural deviseor garmerdis needed

This studyaims b developan effective and comfortablposture modificatiorsystem

using soft structurahaterials

FashionShapewear as ad3ture Modification Garment

Garments intended to achieve an ideal balanced body shape have been worn by
people throughout historyosture modification garmentontinue to be developed and
worn today with acceptance and popularity apparently tied to social/cultural expectations.

For womenin Western cultures tay, body shape isn importantfactorin self and
social evaluationso attain positive attentiom a social grougGatward, 2007Gilbert,

Price, & Allan, 199%. Sypecket al. (2006 stated that d@hin and hourglasgigure is
substantially related tdeminine attractivenessHowever, the ideal is unnatural and
difficult to achieve for most womerChirisler, 2013) To achieve an ideal body shape,
people have worn body shaping products that control bulges and constrict the body
throughout historycorsets foundation garments, girdles, etc. Steele (2001) stated that

the coret, a type of foundation garmentay be the most controversial garment in the
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entire history of fashion and has bemnessential element of fashionable dress for about
400 years. However, the corset became less popular and gradually faded afterdhe turn
the 20th century because of discomfort from rigid materials causing negative effects on
the body suclas gastric reflux, compressed stomach or intestiResently, constricting
garmentshave come back into fashion with a new and growing consumer @uiltur
embracing the trend toward thinness due to fashion illustration and ads featuring slim and
ideal models (Fraser, 2009). Unlikely older cossmhd girdles, modern styles, today
often called shapewear, made of soft structural materials are more breatichbixible
(Apsan & Stark, 2006 Shapewear is available in a variety of types: control briefs,
control thongs, control shorts, control camisole, bandéga full slip, longleg panties

or pants liners, haiélip, body briefer, strapless, wa@hche/waspie/french cinch
(Apsan & Stark, 2006 By providing comforable garments in a variety dbrms,
shapewear companiésveachievedcommercialsuccessfor instance, Spai® generates
around $250 million in annual sales (Ireland, Hoskisson, & HittDp@hdthe estimated

2013 annual sales ofaidenforn® in the shapewear categorwas $210 million
(Chaudhuri, 2013). Chaudhuri (2013) reported tMaidenforn® has annual sales of
about $600 milliorwith 57% of Maidenform's revenue generated by bra salés38%

by shapewear salés 2013 Shapewear companietaim that these garments can help to
achieve i1 deal body shape by transforming t
slim form creating the illusion of an hourglass figure. Some shapewear cagspaaim
posture modification effects by relying on overall clothing pressure on theibadgny
products For example, Braolog® (retrieved from http://braologie.com/posturebra/#05)

and Ami&® (retrieved fromhttp://www.amiashapewear.com/bjoglaim sholder and
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spine improvement when wearing their shapewear garments. However, the potential of
shapewear, beyond compressing and smoothing the body, to effectively align posture has

not been explored.

Posture Assessment Methods

When a posture modificatigoroduct or therapy is developed, a method of assessing
posture, before, during and after use, is necessary. Several methods have been tried to
measure posture with qualitative methods such as posture rating scales or quantitative

methods such as body aefglistance calculation methods.

Qualitative Methods

Some researchers have developed posture rating scales, for example fusityre
scales(1954, 1968a1968h 1968c)as previouslydiscussed and thidew York Posture
Rating Chardeveloped by thélew Yok State Education Department1958. The New
York Posture Rating Rart has been used in several studies mostly for the purpose of
health assessment. The chart consists of drawings illustrating the alignment of human
body segments and three types of sateluding: good (10 points), fair (5 points) or
poor (0 point). Briedenhann (2004) used the scale to assess posture in athletes and
McRoberts, CloudandBlack (2013)used a 3D scanner to gather static 3D body shape
data and also used photographic imatgeassess postusnd then bth body scans and
photographs were subjectively evaluated by medical experts referring to the New York
Posture Ratinghart. Howevergualitative evaluations requisaibjective judgments by
the evaluatorsit may result in infa- and interobserver errors in measurement depending

on each eval uWotpooridesmors telalmed @ostules assessment results
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guantitative posture assessment methods usimgerical bodyunit data have been

developed

Quantitative Methods

Perry, Smith, Straker, Coleman, and O'sullivan (2008) divigedntitativeposture
assessment methods into five categories: roentenography;dihreesional motion
analysis, rasterstereography, manual analysis, and photographic analysis.

Roentenography is posture assessment tool for the calculation of angles and
distances usingadiographidmages. However, radiation hazards preclude its widespread
use in research studies (Jackson, Kanemura, Kawakami, & Hales, 2000). Thus, this
method typically has beensed for clinical purposes onlyAs a spinal curvature
assessment method using roentenography, the Cobb angle developed by John Robert
Cobb (198), has subsequently been adopted to measure coronal plane deformity on
antereposterior plane radiographs in thkssification of scoliosis for clinical purposes
(Cobb, 1948)Akel et al. (2008)xnalyzed shoulder imbalance in scoliotic patiarsisg
radiological image®ecausehoulder imbalance is one of the criteria used to evaluate the
outcomes of spinal defoiity surgery. The evaluated parameters included coracoid height
difference (CHD), clavicular angle (CA), the claviald cage intersection difference
(CRID), clavicular tilt angle difference (CTAD), and -ift. The researchers
demonstrated that the radigical parameters used to evaluate the shoulder imbalance
correlate with the clinical appearance in scoliosis.

Threedimensional motion analysisiang electromagnetisensors has been evaluated
as anoptical method in measuring body movemdmtcause tisi type of system offers a

detailed record of body movement without being invagidenne, Walsh, Hermann,
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Smyth, & Caulfield,2008 Strakeret al, 20@). This technique habeenused for posture
assessment anceported to be valid (Sprigle, Wootten, Bexsl& Flinn, 2002) and
reliable (Lissoni, Caimmi, Rossini, & Terenghi, 2001) in adults. However, Lissoni et al.
(2001)pointed outhat this method requires expensive equipment.

A few studies have specifically examined posture in various positions anelhment
using sensing technologies for apparel application such as elongation sBes&ss6i
et al., 2003Mattmann, Amft, Harms, Troster, & Clemens, 2007; Togredtial, 2005),
bend sensors (Edmison, Jones, Nakad, & Martin, 2002), and inertial séfanimgdon,
Moore, Tilbury, Church, & Biemond, 1999; Kniglet al, 2007; Lee & Mase, 2002;
Mathie,  Coster, Lovell, & Celler, 2004). These techniques provide-tireal
biofeedback by allowing for lonterm monitoring of the user in the work environment
However, these methods have some limitations associated with the social and physical
comfort which is a significant factor for wearable devices (Duahal, 200§. To
minimize wearable device discomfort, Dunne et al. (2008) developed a wearable plastic
optical fiber (POF) sensor for monitoring seated spinal posture and demonstrated that it is
more accurate in measuring seated positio
wearable device has potential in monitoring seated positions in an officerengmofor
long-term use.

Rasterstereography (Asher, Lai, Burtor& Manna, 2004) involves the
multidirectional illumination of the back surfacé the bodyduring stereo video imaging
to produce a highesolution threalimensional computer reconstructiaf the back

surfaceof the body(Perryet al, 2008). Although this method was found to be reliable
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(Goh, Price, Leedman, & Singer, 1998sheret al. (2004) stated that it has not been
shown to be valid compared to roentenography.

Manual measurementechniques include tygeof devices such as the pelvic
goniometer (Sprigle, Flinn, Wootten, & McCorry, 2003) and flexicurve (Hart & Rose,
1986).Hutchinson and Munden (1978) used a body caliper for measuring shelagder
angles of British females who werdivided into three age groups for body shape
classification.Perry et al. (2008) stated that manual measurement methods have been
shown to be valid and reliable when assessing adults. However, these methods may be
time-consuming, introducingntra-inter observer errors in measuring posture and are
useful for single angular measures only (Engh, Fall, Henning, & Soderlund, 2003; Hickey,
Rondeau, Corrente, Abysalh, & Seymour, 2000).

The traditional photographic method for assessing posture applies fassataards
by calculating body angles and distancegh@photograph®f a person placed in front
of a grid PDouty, 1968k Perryet al 2008). Many researchers stated that a promising
technique to assess posture maytliie type of methodbecauseit is fast, easy and
accessible for most evaluators (Belli, Chaves, Oliveira, & Grossi, 2009; Fortin, Feldman,
Cheriet, & Labelle, 200; Lafond, Descarreaux, Normand, & Harrison, 2007; McEvoy &
Grimmer, 2005; Normancet al, 2007; Pownall, Moran, & Stewart, 200&mith,
Oo6Sullivan, & Straker, 2008). Perry et al
based method is more accurate and suitable for multiple anglesasuring posture than
other methodsHowever, he methodhas some drawbacks; tvdamensionalreference
points are not entirely successful in interpreting ttieeensional data anttaditional

photographic images have some issues of distortion in the real camera setting and posture
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changes betweebbackfront and side views. Thuspanyresearcherare now using 3D
scanning technology to assess posture.

As a static posture capturing system, 3D scanning technology has provele amidb
valid (Bye, LaBat, McKinney, & Kim, 2008, Choi & Ashdown, 2011;Petrova &
Ashdown, 2008 Threedimensionalscanning technology provides new measurements
for quantifying the body and it makes it possible to digitize the complete surface of a
large number of human bodies, providing much richer and more precise information
about body shapeL{ & Weiyuan, 2007) Seveal studies have used a 3D scanner to
extract various body angles for apparel applicat@8wokCho et al. (2006) extracted back
and hip angles for 20 subjects to define posture for body shape classification. Ashdown
and Na (2008) demonstrated that 3D scaata provides sufficient body
measurement/angle data by takingneteen upperbody angles, sixteen linear
measurements, and one proportional measurement in older women. Chen, draBat,
Bye (2010) employed a 3D body scanner to extract upper body anghescitege
women in order to categorize physical characteristics into shoulder slope, bust
prominence, back curvature and acromion placement for apparel applications. These
studies demonstrated that a variety of angles and shapes as well as linear maesureme
including length, width and circumference can be extracted from 3D scan data.

After reviewing historical and current methods of assessing pasDescanning
technology was selected as the assessment method for this studyBirsoanning
technol@y is promising in assessing posture by measuring a variety of numerical body

segments on the 3D scanned béatynon-clinical purposesln this study mmerical body

25



angleswerecalculated using coordinates of the reference points on the 3D scanned body

to achieve reliability and validity of the posture assessment.

Posture Correction Force

Since pressure, in regards to posture correction force exerted from devices and
garments, are associated with the effectiveness of modifying posture, many researchers
have tried to directly measure posture correction force using pressure sensors placed
under device®r garmentsSome researchers explorewirect methodsthat estimaée
correction forces from stretchable material propert8egh direct and indirect metks
were reviewed to determine an effective method measuring posture correction force of

soft structuramaterials

Clothing Pressure

Clothing pressure isftencaused by the size differential between the smaller garment
and the larger body (Chen, 201Gwosdow Stevens, Berglund, & Stolwijk1986;
Kenins, 1994). Morooka, Fukuda, Nakahashi, Morooka, and Sasaki (2005) stated that
clothing pressuras affected by body movement, posture, breathing and BMI with a
greater <cl ot hing psbeosyshavinga hagpepBMi. 6amentowita p er
low compression (e.g., low spandex content) are typically marketed and worn for fashion
while high compression garments (e.g., power lifting bench shirt) are intended for
mechanical support (Silver, Fortenbaughwalliams, 2009).

Although the level of compression varies depending on its purpos@angfé
compression causes possible health risks or low efficiency of its effects on the body.

Kraemer et al. (2010) emphasized that exceeding the level of optiesdupe causes
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skin oppression and restriction. To overcome this resistance, more power increasing the
amount of energy consumption is needed and causing discomfort as well ashfesitier

risks including chronic constipation/diarrhea, headache, andraisgisplacement. On

the other hand, lack of clothing pressure leads to low efficiency in movement and
protecting the body as well as no positive effects on appearance enhancement. Thus,
Kraemer et al. (2010) highlighted the importance of investigahe optimal pressure

range of compression garmengeveral studies (Kraemer et al., 1998; Kraemer et al.,
2001, Kraemer et al., 20@) demonstrated thahe optimal compression allows the

body structures (e.g. limbs) to be held in place in the standamhaicat position.

Measuring Correction Force Using Pressure Sans

Since the pressure of a garment/device is a significant factor in function and comfort,
studies have been conducted using direct pressure sensors to measure optimal pressure
for compresion garments and posture correction devices. As another approach some
researchers studied pressure effects using elongation properties of the garment fabrics.

Methods using pressure sensors exerting direct forces on the baxlydesm used for
clinical purposes and nedinical purposes. Correction levels of pressure applied to the
body are significant for medical treatments like compressidourn-damaged tissues for
scar prevention and nastinical purposes like movement efficiency, comfort, and
appearance enhancement.

For medical purposes, elastic pressure garments used to minimize scarring and
uneven skin texture due to burn damage have been tested with pressure sensors by
applying consistent pressure to the skin surf&al€h, Acar, & Burns2011) This

method is also used for assessment of posture correction forces for medical purposes. In
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the medical product categoryhet degree of spinal correction is related to many
interconnected factor&ubin et al, 1999) One of these is the forcetarg throughbrace
padsmade of plastics or boning or ngtretchable materialsf a spinal orthosis upon the
body. One of the working mechanisms is direct compressive force working through the
brace upon the body and thereby correcting the spinal deyjoraciiieving optimal fit of
the individual orthosigVan den Houtkt al, 2002) Since he magnitude of corrective
forces is animportant factorfor optimal curve correctignsome researchetsied to
determinedirect corrective forcesor distribution of he pressure acting upon the body
during brace treatment using different types of force measurement sySamslen
Hout et al.(2002) measured the exerted forces using the electronic PEDAR measuring
device manufactured by NovéMunich, Germany). Pham et al. (2008) measured
pressures using the Tekscan ClinSeat Type 5315 Sensor. Loukos, Zachariou,
Nicolopoulos, Korresand Efstathopoulos (2011analyzed the direct posture correction
force exerted by a dynamic derotation bréd®B)6 s mai n p a-Bocket9880h g t he
pressure sensor

Several nortlinical studies were conducted to find compression garment optimal
clothing pressure using direct pressure senstiian and Fan (2@) conducted a study
of optimum clothing pressure distribut®f a girdle fo ten body dimensions using the
pressure device SD500 digital skin evaluator and demonstrated the accuracy and
reproducibility of the device. The range of optimum pressure (mmHg) included: front
tummy (7.03), left front tummy (9.2), right front tummy (9)1%eft side (11.98), right
side (11.57), left front lower (7.34), right front lower (7.5), left hips (4.34), right hips

(4.37), waist level (6.47). Liu, Chen, Weind Pan (2013) investigated the bust girth
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range of a sports vest compression garment usiieg pressure measuring device
AMI3037 S5, a pneumatic pressure testing device. They found that the comfortable
pressure range on the breast was iQl#H5 kPa by analyzing the relationship between
objective clothing pressure and subjective compressealmg

Since measurement pbunds of forceof materials using pressure sensors may help
obtain accurate results for a device or garment made of rigid or soft structural materials,
most researchers used direct measurement of correction forces faegbatunvolves
the use of a sensor to measure the pressure exerted by medical devices/compression
garments (Giele, Liddiard, Currie, & Wood, 19%arries & Pegg, 198lann, Yeong,
Moore, & Engrav, 199 Although this type of method has been widely dis&
drawbackof the direct measure of the corrective forceassociated with a limited
number of sensors, tim®nsuming nature of the studies, and uneconomical processes
(Aubin et al., 1999 Fan & Chan, 2005; Yu, Fan, & Qian, 20(2hang, Yeung, & Li,

2002.

To overcome those problentsalleh, AcarandBurns(2011) proposed a necontact
pressure simulation method to predict pressure distribution exerted by a garment. They
developed a 3D pressure garment model based on the size of a mannequthe3i2n
model was flattened into a 2D pattern and the pressure that the garment exerts on the
body part was calculated by using the pressure model. However, this system includes
only two types of pressure patter2666 kPa and %Pg on a specific fabri¢modulus
of elasticity of 504 N/mso that it is difficult to apply to all types of fabrics.

In measuring posture correction foscef the garment tested in this study, direct

pressure measure alone may be insufficient. The study garment relies es &brc
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stretchable materials to modify posture, so exploring methods of measuring stretch
properties of fabrics is necessary. The measures for materials (bands) used in this study

provide a starting point for testing other types of materials in futureestudi

Measuring Correction Force of Stretchable Fabrics

Fabric stretch is distinguished from the usual meaning of elongation. Elongation is
the amount of increase in specimen length at any given moment during a tensile strength
test. This type of test ethod has been used to examine fabric stretch under a particular
load or the load at a particular amount of stretch (Merkel, 188d3suring tensile forces
of fabrics involves many variables of the textile, its fiber, yarn, and structure and its
incorpordion into the garmenstructure A few studiesthat exploredthe relationship
betweerfabric elongation and clothing pressure regarding tensile forcesooated and
reviewed

A study conducted by Kraemer et al. (2000) found optimal clothing preésure
compression garments using fabric elongation properties. They examined the
compression levels created by spandex content and construction design using fabric
elongation properties. They found that compression which i2724 of the fabric
elongation ad construction provides optimal skin contact in regards to the garments
performance effects.

Some researchers studied the relationships between the fabric corrective
force/pressure distribution and fabric elongation. Leung, Yuen, Ng, and Shi (2010)
deweloped a pressure prediction model incorporated into different design factors to
estimate the pressure that might be exerted by compression garments before fabrication.

The researchers tested fabric elongation properties for three different types af elasti
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fabrics in singldayered and doublyered conditions using a tensile tester to predict
pressure levels to be exerted on the body. They demonstrated that thelalgersie
construction provides a larger range of target pressure at a particularastrarding to

the exertedoounds of forceby elongation rate compared to the siAglgered fabrics.

The study indicated that compression garments or systems can be methodically analyzed
based on the fabric types and the amount of layers according tobtine ébbngation
properties using a tensile strength tester.

Another study focused on the relationships between clothing pressure and fabric
elongation in developing comfortable compression garments. Chen, Liu, Zaatg,
Wang (2013) investigated thefedts of elastic moduluand elongation and relaxation
properties of fabrics on clothing pressure using a universal testing machine (LRXPLUS)
and a pressure measuring device (AMI3038)SThey found that clothing pressure
linearly increases with the in@ase of fabric elongation until 60% of the fabric elongation
and higher clothing pressure is exerted from the fabric which has greater elastic modulus
than the fabric with lower elastic modulus at the same level of elongation. This study
showed that the edic modulus and elongation are the indicators affecting clothing
pressure in calculating the force of the materials.

One of the goals of this study is to systematically anafgbeic tensile forces in
regard tocorrection effects of the PMSS using tsefructural materials in changing
posture. Material elongation propertiegere calculated from tensile test results and
reaction of various types of layered materials when incorporated into the garment both
off the body (flat measured) and on the bodyd&termine force effects in modifying

posture.
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Wearer Acceptability

Wearer acceptability is an especially important factor in assessingdi vi dual s
perceptionsof functional apparel sincea garment must be acceptable to the wearer to
prevent possible hdhlrisks and provide physical comfdHuck et al, 1997) To assess
broader acceptability of the functions of a garmem¢waresearchers have develozed
used wearer acceptability assessment methddsaddition, several researchers have
adopted and odified wearer acceptability scalascordingto the functional garments
intended purpose and use.

Huck et al. (1997) developed wearer acceptability ssaleorporating 12 bpolar
word pairings to verify that the design process yielded an improved gadesgn. Each
subject was asked to complete a wearer acceptability scale after complsérigsaof
motion movements based on the procedure outlined in ASTM F8859dr evaluating
comfort, fit and function of chemical protective suits (Wang, Mok, LiK&ok, 2010).

Several researchers have adopted and modified the wearer acceptability scales developed
by Huck et al. (1997)Researchers focused on the main functions of the test garments in
assessing wearer acceptability. Nam and Branson (2012) evadwated treatment and
shoulder and arm movement using a {fpent response scalgy modifying Huck et al.

(1997) scales the questions were modified to reflect wearing conditions of protective
armor. They assessed: 1) comfort, 2) acceptability, 3) fletsipiit) freedom of
movement, 5) ease of movement, 6) fit satisfaction, 7) preference, and 8) tightness.
McRoberts, Black, and Cloud (2015) evaluatednfort, ease of movement, and fit of a

posture modification garment made of softs structural materialsolyfying Huck et al.
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(1997) scales The categories of two global assessments, seven assessments of comfort,

four assessments related to movement, and two assessments of fit were included.
RutherfordBlack and Khan (1995jleveloped wearer acceptability sslincluding

18 word pairstoevaluago | i ce bicycle officersod satisfa

their patrol uniforms Black and Cloud (2008) adopted and modifiedhe wearer

acceptability scalesleveloped byRutherfordBlack and Khan(1995) to investigate

selected comfort aspects of polThecvweares f f i c e

acceptability scakusing five-point bipolar scalesncludet h e o fpérdemiens sf 0

their current uniform for overallsatisfaction, eighteen instrumenta performance

properties,four expressive performance properties, dnke propertiesthat have both

instrumental and expressive aspettse main evaluation categories included: 1) comfort,

2) durability, 3) protection, and 4) changes in garment dimeasioregard to the shape

of the garment, fAloses shapeo or fAretains
Lee (2012 developedwearer acceptability scales focusing arfit assessmerfor

wome A8 ki nnyleg(2Bywerid beyond havingarticipantsassess the jeans

while standilg in the typical static anatomical position assessing the jeans while the

participant stood in various pitisns. For fit analysis, various movement functionality

and appearance sensory tests were condutheparticipants were asked &valuatefit

and comfort of each jean using five-point Likert scale.The evaluation dimensions

included: 1) sixareason the frontincluding waist, hip, crotch, thigh, knee, and hemljnes

2) two areason the sidencluding side seam and waisind 3) five areas on the bk

including waist, yoke, hip, crotch, and thigh.
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The literature review indicates that fit evaluation is necessary in assessing wearer
acceptability of a prototypgarment Further, the purpose of the prototygarment

should be considered when developiing wearer acceptability assessment.

Summary

To prepare for conducting this study of the potential of soft fabric structures in
modifying posture, a review of literature was conducted organized in these content areas:
product development, posture, postooerection force, and wearer acceptability.

The product development review assisted in providing a procedural structure for the
study. The three stage design process developed by LaBat and Sokolowski \(&E299)
reviewed and adopted with some modificai@s he organizing frameworto explore
the potential of textile structuresedto apply strategic directional forces in modifying
posture.

Review of physical, psychological and social aspects of postme posture
modification garmentsprovided contextfor developing a prototype andvaluating
posture effects othe prototype.The reviewindicated thatgood postureassumes the
balanced alignment of the bodyphysical and social/psychological contexXte.achieve
the balanced body alignmemipsture mdification garmerg have been designddr
healtiimedical benefitge.g.bracing/corset/vesnade of rigid materiajscalled orthosgs
andaesthetical benefits (e.fpundationgarmentingeriemade of soft structural materials
often called shapewegaOrthosesare effective in modifying posturbowever,there can
be possiblehealth risks such as restricting spinal flexibility, permanent deformation of
the rib cage or soft tissue at pressure points, skin breakdown or allergies possibly leading
to lower wearer acceptability (Fronterat al, 2008). On the other handshapewear
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lingerietype body modifying garmentsecommercially successfllecause the garments

are relativelycomfortable andaesthetically pleasingShapewear body modification is
achieved pmarily through overall body compression. Understanding purposes, positive
and negative aspects of the two garment categories can lead to new methods of modifying
posture.The search revealddo academic studiesonductedo develop body modifying
garmerts.

A searchfor posture assessmemtethodsfound several that have been used, some
more reliable and valid than others.igstudy focused ona combination of 3D body
scanning technology and a photographic method to assess prototype effects on the human
posture

Posture correction forcand methods of measuring were reviewed to assist in
developing methods for measuring posture correction $atée study prototypelhe
review indicated that the pressure of a garment/device is a significant factwrctiof
and comfort so that many researchers have tried to directly measure posture correction
force using pressure sensors placed under devices or indirectly by estimating correction
forces from stretchable material properties. Since this stadyinitided using stretch
materials for the prototypevaluaton of pounds of forceof the fabric by an elongation
rateis the method of choice

Wearer acceptability methods used by previous researchers were reviewed to assist in
developing a wearer acceptabilggale In this study wearer acceptability scalgere
developed by considerinthe purpose of the prototydecusing on posture and body

shape changes and fit evaluation
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CHAPTER THREE: METHOD

Functional clothing by definition is useequirement spéfic. Clothing is designed
or engineered to meet the performance requirements of the user under extreme
conditions or particular ndustrial or workrelated conditions, protection, medical
conditions or athletic§Gupta, 2011)Design theories and structdrelesign processes
can help designers to organize the design and task performances in generating new ideas.
In this study with the objective of developindgasture Modification System using Soft
materials structure¢PMSS), a threstage design processoposed bylLaBat and
Sokolowski (1999)wasused to systematically address design problems. The theoretical
framework includeghe following stages: 1) problem definition & research, 2) creative
exploration, and 3) implementation. The first stage includesitigl problem definition,
2) research, and 3) working problem definition. The second stage includes: 1)
preliminary ideas, 2) design refinement, 3) prototype development, and 4) evaluation of
prototype. The third stage includes: 1) production refinem@®nphase 1: immediate
production, and 3) phase 2: improvement/refinement. Some stages were modified to
meet requirements of this studiygure2 presents a flow chadf the design process for

this study.
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Design Process

First Stage Problem Definition & Research
i Problemrecognized:mportance of postural alignment
Problemidentification

The needor effective & comforableposture modification garmesifor good wearercceptability

Working ProblenDefinition & Preliminary Research

Posture corrector: Garmentsde ofrigid materials magtresslesh and limit mobility
Shapewea Soft materials used fahe garmentmaybe insufficient in modifying posture

S

U Goal to achievealignedposture &relativecomfort with norrigid materials & structures

==

Second StageCreative Exploration

Preliminary Designldeas
( )
U Posture Modification System using Soft materials structyfRISS): Pecified elastic
material bands strategically positionatl posterior of garment aligned wikeleton and
musclescombined with a compressive garmenptovide some support througlompression
with corrective forces y

Investigatic#v of Prior Arts

U Academic search U Patent search U Market search

Design Element Selection

U Band placemenif and X%shape bands placed frsnapulao upper hip
U Band materials: Greater modulusatésticityfor T-shape bands than-$hape bands

PrototypeDevelopment

U Modification of commercial shapewear product by inserting PMSS to back ebigarment

Evaluation of P'%fotype: Pilot Bt

U Three participants (small size) U Visual posture assessment

P

Third Stage: Comprehensive Test & Evaluation
U Revised Prototype Development

U Data CollégTon & Analysis

U Twelve participats (four participants for U  Numericalposture assessment
each size grousmall,medium, and U Posture orrection forceassessment

large size) U Wearer acceptability assessment

Figure 2. Flow chart for design process of PMSS
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Description of Design Process

First Stage: Problem Definition & Research

The first step in designing a product is to idenafproblem and begin preliminary
resarch. Dixon (1966) addressed that problem recognition begins with recognition of
objectives with a problem statement or a series of sketches. When it comes to scope of
the problems, Middendorf (1969) emphasized thatsigay and practical constraints
could influence the final design and should be established at the early conceptual stages.
This stage is important because the operational problem definition is a bridge between the
conceptual level and the observationaklesf design with the goal of translating abstract
and conceptual problem statements into practical and performable stases and
Samuel (1989) highlighted that by establishing objectives, designers should be able to
understand and respond to needs dptimal performanceAs research proceeds, the
problem is often redefined and involves the participation of the user. The problem
definition used to launch into creative exploration is labeled the working problem

definition (LaBat & Sokolowski, 1999).

First Stage: Problem Definition & Research: Application

Problem Identification

A review of literature indicated thgbod postur@ssumes thbalanced alignment of
the bodyin physical and social/psychological contex®asture modification garment
have been designed for each wearing context, with slightly different goals. Some

products, often called posture correctors, are designed with health or medical benefits as
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the paramount concern and are marketed to men and women. Garments designed to
achieve soial/psychological benefits are typically attempts to achieve an appearance of
an ideal figure and are often marketed to wonfsture correctors exhibit low wearer
acceptability due to use of uncomfortable materials. While garments designed to achieve
the appearance of the ideal figure are less effective in modifying poshere may be a
middleground of designing a comfortable, wearable product using soft materials
structures that affect shape and postietter wearer acceptabilitghan the posture
correctors and possibly shoterm effects on posture alignment, might be achieved by

modifying currently available shapewear products.

Working Problem Definition & Preliminary Research

The problem to be explored in this research is: can a garmert ofigdxtiles be

designed to achieve balanced posture?

1) Post ur e AdC Gommerdallydvaikhie

There are many types of commercially available posture modification garments called
posture correctors or back supporters currently on the masgetippendix A). The
definition of fAcorrecto iIis to change somet
with or take care of a problem or bad situation successfully (Meriem Webster Dictionary,
retrieved from http://www.merriarawebster.com/dictionary/corrgct So, need for a
posture corrector i ndi cates that there is
some type of medical or health pleim. A review of descriptions of these products
shows that materials are often stiff and rigid. Accordinlylaioberts, Black, and Cloud

(2015) posture correctormade of rigid materials like plastic boning or rstnetchable
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and thick fabrics may benconfortable limiting mobility while adding to a bulky
appearance so everyday use is difficBliblic information on Amazon sites that solicit
comments on products and provide rating of products indicated that many users were
satisfied with the posture cortecs in modifying posture but they experienced skin

discomfort with limited mobility while wearing the garments.

2) Shapewear Producls Commercially Available

Shapewear implies that a woman wears the product to make something of her body;
most likely relding to social context. In media, catalogs and online shopping sites, some
shapewear companies (AligFitwea®, Leonis®, and more) advertise that shapewear
helps support the back, provides better posture, and improves blood circulation while
providing amore pleasing body shape. The postural changes claimed seem to rely solely
on overal/l gar ment compression on the body
that soft materials used for the garments can prowvithat appear to be health
improvement claimsFor example, Amia® claims that their shapewear garments are
designed to hold the spine straight and keep supporting muscles in place relieving back
pain and increasing muscle strength. However, no evidence to substantiate the claims is
provided on the welite (retrieved November 19, 2014  from
http://www.amiashapewear.com/blog/).

To examine the effectiveness of a readily available commercial shapewear product
for improving posturgl conducted a simple tesising 3D body scanning to visually
determine ifposture changes were evident. | seleetdobdysuitmadeby Maidenforn®
call ed nASeP®d ixtpr essvenage f--thghmfeanng anr bacl

open bust region. The product wasu r chased at a ThempgdaditE ret a
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corstruded d soft textile materials using overall compression of the body to achieve
body changeOn viewing scans of a person wearing the product, some changes were very
visible, but a distinct change in posture was not evidedetermined that it may be
possibleto provide some posture modifications by strategicatlgng support elements

made oftextile materialsto an existing shapewear garment. An added soft materials
support structure could be more comfortable and less blHeg.gpal of this study is to
devdop a soft materials structure, added to a typical shapewear compression garment, to

align and balance the wearero6s posture to

Second Stage: Creative Exploration

Creative exploration is used to generatdipieary ideas and then impose constraints
in the process of design refinemdghBBat & Sokolowski, 1999)Lewis and Samuel
(1989) said that designers can create several design ideas to meet customer requirements.
Leech (1972) proposed criteria for devetgppreliminary design ideas: design function
to usespecification, design origin, general standards, safety, environment, and functional
requirementsThis stage leads designers to review existing design solutions or apply
existing knowledge to their idedor high quality solutions by searching academic and
technical literature, and prior arts for finding answers to probléfisr investigating
prior arts, the best desigrelementscan be selectedfor prototype development
(Middendorf 1969) LaBat and Skolowski (1999) emphasized thahet prototype
development stage may require substantial creative input, as ideas are revised. At the
eval uation stage, the designersd resources

the prototype stage often inwarhg physical tests that lead to further refinemgaiBat &
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Sokolowski, 1999)The goal of this stage is to determine if a design will meet needs or

not (Medland, 1992).

Second Stage: Creative Exploration: Application

Preliminary Design Ideas

From early dservations, it is expected that developing an effective and comfortable
posturemodification system could be beneficial for some people. The preliminary design
elements were defined asonrigid textile components to be added to the back of a
typical sha@ewear product to assist back muscles and spine seg(RME&S) Since
shapewear garments of any type provide some support through compression of the
abdominal muscles, it is expected tth@PMSS could provide more support for posture.

A biomimicry appr@ach was used in designing the PMSS. Biomimicry is the imitation
of the models, systems, and elements of nature for the purpose of solving complex human
problems Yincent, Bogatyreva, Bogatyrev, Bowyer, & Pahl, 2D0e human body as a
biological inspirabn was analyzed and the textile system added to a shapewear product
was designed to imitate some parts of the human body. Specifically the muscles of the
back torso, which play a key role in posture and supporting the spinal column, were
focused on for tis study as they provide inspiration for the composition, sizes, and
positioning of the support system (PMSS). The decision to focus on the muscles of the
back does not deny the contributing role of all other muscle and skeletal structures of the
body in digning posture. Compression supplied by the shapewear product in part mimics

the role of abdominal muscles in affecting posture.
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1) Anatomical Analysis for PMSS Design

Bandlike structures of back muscles and vertebral column

Preliminary study of the at@mical features of the human posterior teveatebral
column and muscleevealed that the biological elements exhibit column and-band
like shapes, so design experimentations were conducted using bands of textile
materials.

Band placement based on fea&iof the spinal region

To determine referendees and location othe PMSS elements, theertebrae in
each spinal regionvere studied.The spine is a column of connected bones called
vertebrag(Saladin & McFarland, 2008). There are 24 vertebrae irspinge, plus the
sacrum and tailbone (coccyx). Most adults haesenvertebrae in the neck (the
cervicalregion), twelve from the shoulders to the waist (the thora&gion, andfive
in the lower back (the lumbamegion). The sacrum is made up @¥e vertebrae
between the hipbones that are fused into one bone. The coccyx is made up of small
fused bones at the tail end of the spligure3 shows curvatures of the adult vertebral

column.
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Figure 3. Curvatures of the adult vertebral colunflluman anatomy, Saladin, &
McFarland, 2008)

Abnormal spinal curvatures can be one of the main symptoms of poor posture
(Saladin & McFarland, 2008)it can result from abdominal weight gain ineshy,
disease or weakness or paralysis of the muscles of the trunk which is an anatomical term
for the central part of human bodgbnormal spinal curvatures are commonly divided
into threetypes (Saladin & McFarland, 2008)) scoliosis, 2)kyphosis, an®) lordosis
(Figure 4). Saladin and McFarland (2008) stated tligt nost common deformity is an
abnormal lateral curvature calledoliosis which occurs most often in the thoracic region.
Sometimes, its causedy a developmental abnormality in which the body and the arch
of vertebra fail to develop on one sid&aladin and McFarland (2008) definkegpbhosis
as a exaggerated thoracic curvature, sometimes called hunchthatknay be evident
in elderly people wh osteoporosisAn exaggerated lumbar curvature is called lordosis
(Swayback). It can result from aging, obesity, or added abdominal weight in pregnancy.

Based on the descriptions of abnormal spinal curvatures, the thoracic and lumbar regions
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seemed a lgical focus for placement of the PMSS elements. The early exploration
focused on posterior muscles that support the vertebrae, while recognizing that abdominal

muscles also play a role in supporting the spine.

Normal —

Pathological

Scoliosis Kyphosis Lordosis

Figure 4. Abnormal spinal curvaturggiuman anatomy, Saladin & McFarland, 2008)

Band design based on posterior muscles

Since the abnormal spinal curvatures may result from weak muscles, posterior
muscles which support the spine were chosen to study as inspiratitre fBMSS
elements. The erector spinae with the serratus posterior inferior and latissimus dorsi
were considered for the PMSS design because these muscles play a significant role in
supporting the back (Saladin & McFarland, 2008)e muscles attach to d&&al bone
at cervical and thoracic areas providing constant tension to hold the bodiacan
posture.

A Erector spinae is a bundle of muscles and tendons extending throughout the
lumbar, thoracic and cervical regions, and lieshe groove to the sidef the
vertebral columnThe origin arises from vertebra® ThroughT12. It functions
to maintain posture, straightening the spine after one bends at the waist or
arching the back, and aides in laterally flexing the vertebral column (Saladin &
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McFarland,2008).

Based on understanding of the structure and function of the erector spinae,
one of the preliminary ideas was identified: a vertical support element to be
adced to the overall spinal regiaxtended from the back neck opening to the
upper hip ara of a shapewear garmeriiigure 5 shows muscles with vertical

alignment acting on the vertebral column.

Erector spinae
Illiocostalis o
Longissimus spinalis

Quadratus lumborum

Figure 5. Muscles acting on the vertebral column

A Serratus psterior inferior muscles are deeper layers lying at the junction of
the thoracic and lumbar regions. The origin arises from vertebrae T11
through L2. These muscles draw the lower ribs backward and downward to

assist in rotation and extension of the trunk.

>

Latissimus dorsimuscles ardhe superficial musclewith the origin that
arises fromvertebrae 7 through T12. These muscles anesponsible for
extension, adduction, transverse extension also known as horizontal
abduction, and lateral flexion (anterifibers) of the lumbar spine, that

assists as a muscle of both forced expiration (anterior fibers) and as
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accessory muscles of inspiration (posterior fibers) (Saladin & McFarland,
2008). Since Latissimus dorsi connects the spine to the humerus, tightness in
this muscle can manifest as either-gyitimal glenohumeral joint (shoulder)
function which leads to chronic pain or tendinitis in the tendinous fasciae
connecting the latissimus dorsi to the thoracic and lumbar spiaad(s,
1999).

To add supporta the lower spinal column, a support element for the
lumber region was identified: a cross shape band supporting the serratus
posterior inferior and the latissimus dorsi to be adddtedthoracicand the
lumbar region extended between the underarm amdipiper hip area o
shapewear garmerftigure 6 shows neck, back, and gluteal muscles with a

horizontal orientation (Saladin & McFarland, 2008).

Latissimus dorsi Serrats posterior inferior

Figure 6. Neck, back, and gluteal racles

., Band width based on vertebral body diameter

The spine is a very complex structure with the vertebrae aictitgpendentlybut

relying on alignment to provide postural structure.balance the spine, a decision was
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made to place support bandgalng with the vertebral column acting as an additional
column. To determine band width, the average vertebral body diameter in lumbar (A)
was consideredFgure 7). Eisenstein (1976) measured the spinal canal thed
vertebr al bodies in 2 racial groups (113
female and 162 nAblackod Negroid skeletons:
radiograph. The measurements of the transverse diameters of the vertebral bodies in
Caucasoid females indicated (mm): L1: 34, L2: 35, L3:37, L4: 39, and L5: 42 and in
Negroid females indicated (mm): L1: 35, L2: 37, L3:38, L4: 41, and L5: 43. The
average vertebral body transverse diameter of lumbar area for both groups was 38.1
mm and showa gradual increase in measurement from L1 to L5 vertebral levels
regardless of race.

To support the spinal column, at least a covering of the largest lumbar vertebral
body diameter (L5, 43mm, is the biggest diameter of vertebral body in the thardcic a

lumbar region.) was indicateBigure7 shows thesecondumbar vertebra

Posterior

Spinous process

Superior articular face(—\ /7 Lamina

Transverse procesSm— k

Vertebral foramen—y\. —" l‘—Pedche

Body |

— Vertebral arch

Anterior

Figure 7. Secondumbar vertebrgHuman anatomy, Saladin & McFarland, 2008)
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2) Preliminary Band Design
To provide an additional support/strength to spine and muscles, four support bands
were designed for the PMSS.
Band placement
Figure 8 presents the location of the PMSS elements (grey lines) on the posterior
muscles reerring to the spinal regions (from far left illustratiotateral view of
vertebral column, middle illustration; posterior view of vertebral column, and right
illustration; band location on the posterior muscles). InRigeire 8, three horizontal
lines indicate the reference lines between spinal regi@isrence line A between
cervical and thoraciageference line B between thoracic and lumbar, reference line
C between lumbar and sacrum. RefeFigure8 with designator numbeshowing the

location of the bandg®’MSS)and alphabet showing reference lines.
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Vertebralcolumn \
Lateral view Posterior view Posterioview of back muscles

Figure 8. Band placement
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To provide an additional support/strength to the eresgorae, two support bands
and2 were inserted from shoulder blades to the referenceClitee coverthe thoracic
and lumbar regiondefine, e.g., a -Bhape; the -Bhape defined by the horizontal
support band and vertical support bar@lmay provide supmrt to theerector spinae
by potentially improving abnormal curvatures of the spine. To provide an additional
support toserratus posterior inferior and latissimus dorsi musdies, other two
support band8 and4 were aligned with these muscles acrossnfreach other at the
reference linedB. The two support bandsand4 may extend all the way from a seam
on one side of the shapewear garment to a seam on the opposite side of the shapewear
garment, define, e.g., an-shape; The >hape band8 and 4 may povide a dual
support to the spinal curvature by supporting the overall thoracic and lumbar region.

., Band materials

A variety of band materials were researched through Google, online market (e.qg.
Amazon), and a retail market search (e.g. Hancock fabricg) k& words were used
for the market search: pliable (or stretchable/elastic/flexible/spandex/polyurethane)
textiles (or fabrics/bands). Specific band materials were not selected at this stage.

, Band width

A diverse range of band widths were explored tgloGoogle, online market (e.qg.
Amazon), and a retail market search (e.g. Hancock Fabrics); 0.5, 0.75, 1, 1.25, 1.5, 2,
2.5, and 3 inch elastic bands currently on the commercial maikstupport the spinal
column, at least a covering of the largest vegehidth which is 43 mm (1.69 inch)

was considered (Eisenstein, 1976): a choice of 2 to 3 inches in Widftecific band

width was not decided at this stage.
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From the anatomical approach and market search, a preliminary PMSS design was
developed: T and >hape bands made of soft structural materials added to the back of
a typical shapewear garment to assist back muscles and spine.

| acknowledge that the bands cannot function independently but must be
incorporated into a shapewear garment or a compregaroment. When the bands are
anchored to the garment, at least part of the posture modification is provided by

combining compression of the suit itself.

Investigation of Prior Arts

Prior arts were investigated to determine research and developmenbshoirep
support items that may replicate or influence design of the PMdterature review of
academic theses was conducted. A patent search was also conducted to find ideas or
technologies similar to the PMSS. The shapewear market was also examined to
determine the scope and success of shapewear products focusing on posture modification
systems sold as shapewear.

An online search was conducted using keywords suchoature (or back/body)
support (or supportive/improvement/shaping) system (or barajsg$tor garment (or
foundation garment/shapewear/swimwear/underwear/lingerie) for academic research,
patent, and market searches without specifying the range of publishedTygacslly,

Google and Google Scholar were used but sometimes general wehirsgpae.g.

AmazongBay/Target or information onewslettersor personal blogs) was used as well.

1) Academic Search
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The academic search resulted in only two proposed designs and these were for upper
body (neck to waistline) only. The prototype developmend evaluations were
conducted by one undergraduate and one doctoral student. Results of the studies were

documented in unpublished thes8seAppendixB.

2) Patent Search

The Google and Google Scholar search peed some relevant results: a full body
garment (e.g. shapewear/swimwear/foundation garment) with posture modification
systemlike an extra lining or posture support elemegight patents were founand
compared to the design idea proposed in this stlidwas difficult to conclude that
designs related to posture suppeltmentssubmitted for patents were similar to the
PMSS developedin this study sincehe systendesigrs and claims are different. See

AppendixC.

3) Market Search

The market search as conducted using Google argéneral web searching (e.g.
AmazongBay/Targel. The market search resulted some shapewear products that
claim posture support; Invisupport®raologie® Instant figure® Cortland® Dare to
flaunt®, andCreation shapewear®hapewear companies in tharent market itJnited
States, claim that their produdtave aposture suppoffunction byusing Xshapebands
mostly for upper torso or by changing the knit gauge of the textile use¢kdef@roducts
to provide posture supporifThrough the market search,determined thatexisting
shapewear products which claim posture support areimdaisto thePMSSdesign for

this study. A few support systems designed withsKapebandspositioned athe upper
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torso areapparently not relateto anatomicalmuscle structuresacting to support the

spine SeeAppendixD.

Design Element Selection

Design elements selected in this early stage are described Therefollowing
descriptiondor band placement and band materais from U.SNon-Provisional Patent
Application No. 14/924,261 Posture Improvement Shapewear Garment and System,

developed by Lyu (2015).

1) Band Placement
Figure9 illustrates the embodiments of the PMSS. Refdfitiure9 with designator

numbers showing location of support bands on a typical back torso lining.

Figure 9. PMSS

. First band

A first support band. of the four support bands may extend between the right and

left arm openings on the rear portion of the torso body. The first supporiLimaagd be
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oriented such that the first support bdnid substantially horizontalhen a wearer is
standing upright.
. Second band

A second support barglof the four support bands may extend from lthe waist
region toward the neck opening on the rear portion of the body. The second support
band2 may be oriented such that the set@upport ban@ is substantially vertical
when a wearer is standing upright. The second support bandy extend from a
shoulder blade region of the shapewear garment to an upper hip line of the shapewear
garment. In some embodiments, the second supyamd 2 may extend between the
low waist region and a center of the neck opening on the rear portion of the torso body.

The first and second support barid2 may be transverse to one another. As used
herein to describe the orientation of bands anératbmponents with respect to each
other, the term fitransverseo includes per
+ 10 degrees from perpendicular).
. Third band

A third support band3 of the four support bands may extend from the left
underarm rgion toward the right waist region on the rear portion of the torso body.
. Fourth band

A fourth support band} of the four support bands may extend from the right
underarm region toward the left waist region on the rear portion of the torso body. In
some enbodiments, the third and fourth support baBdgl may extend all the way

from a seam on one side of the shapewear garment to a seam on an opposite side of the

shapewear garment. The third and fourth support bandisay intersect proximate an
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intersedon point.
Four flexible bandd through4 are combined each other (e.g., thahape defined
by the third and fourth support ban8ls4in combination with the -Bhape defined by

the first and second support barigd<).

2) Band Materials

Band materia for the PMSSnay have a modulus of elasticity that is greater than the
modulus of elasticity of the fabric or fabrics used to construct the torso body to which the
support bands are attached (where the fabric or fabrics are of the same width as the
suppat bandswith width being measured transverse to the direction of elongation). In
other words, the resistance to elastic elongation along their length of the support bands is
greater than the resistance to elastic elongation of the garment Tabhapebandsmay
alsohave a modulus of elasticity that is greater than the modulus of elasticity of the fabric

used for Xshape bands to provide stronger support foeteeor spinae

3) Band Width

Based on biomimicry reasoningypport band width may be egterthan the largest
vertebrawidth, average 1.69 inchg&isenstein, 1976)o provide extra support to the
spimal column.The band widthcan be selected between 2 and 3 inches but wearer

acceptabilityneeds tdoe considered.

Preliminary Prototype Developmen

After all design elements of the PMSS were determinedelaninaryprototypefor a

pilot testwas developefly modifying a commercially available shapewear product.
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1) Prototype Construction

A commercially available shapewear product was chosemdaiification; a bodysuit
by nASelf RyMiaidesfsrn®qwitls coverage from upper back to ritigh
featuring an opeiust region.The operbust design was selected to avoid undue
compression of breast tissue which is likely to vary person tooperBhis design
admittedly reduces reliance on total torso compression to add to postural stipport.
fabric was described by the producing comp
elastane. This product was chosen because it is price competitives alesigned to
provide overall definition of the middle part of the body. The modified shapewear was
developed by experimenting with inserted band designs that might provide additional
posture support.

, Descriptions of commercial shapewear garment
As shown in the Figure30 and 1]1the shapewear garment comprises a strapped
onepiece foundation. Torso panels are equipped with adjustable shoulder Ztraps
made of approximately 0.6 inches elastic trims. Front torso [Baiseteamed at back
torso side pnel6. The upper back panédlis seamed at each upper front pahelwo
single top zigzag stitches are seamed at the seam of the upper back patdioth
side panelg with an inner lining. The front bottom parg&land back bottom panél
are sewn u@nd then bottom panels are sewn up with the completed torso pEmels.
shapewear garment is equipped with an opening cfidtébr toileting use.
, Descriptions oPMSS

Approximately 2 inch posture support bands (PM&Shrough14 were inserted to

the inside back of the garment, spanning from shoulder across the back to the opposite
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side seam. The band width (2 inches) was chosen to cover at least the largest vertebra
and provide comfort as well; a wider band may limit mobility compared to a thinner
band and pull the lower part of the garment upward resulting in lower wearer
acceptability and fit.

The horizontal bandll was placed 0.1 inch below the back neck opening
horizontally and the vertical band was placed under the horizontal hand
perpendicudrly to the end of the back torso line around the upper hip region.
Approximately 1.6 inches elastic band was added to under horizontally laid flexible
support bandl and a haHlength of the same elastic band was added to lower part of
the vertical band.2 to exert more control to support spifiene placement of vertical
band12 was determined by considering wearer acceptability. Although the band can be
extended between the neck opening and the upper hip region,fact relies on
anchomg at the crotch seam while not actually extending beyond the waist.
Extending bandl12 beyond the waist level to the crotch/inseam intersection could
compresssoft tissus of the buttocks deforming shape and reducing conXeshape
bands13 and 14 were placed from 6. inches below underarm opening to 0.6 inches
above at the end of the side seam around the low waist region by being crossed each
other. Since the commercial shapewear was a completely constructed product, the
PMSS was placed on the lining instead of uraléining. To prevent the bands rolling
up because of friction while wearing the garment, the cross setfiasf the two
flexible bands laid across the back was stitched vertically on the vertically laidlLBand
and at four intermediate locatio@$ through 19 of each strap on the back torso of the

X-shape support bands.
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Figure 10 illustrates the commercial shapewear garment showing anterior view (a)
and posterior view (b)Figure 11 illustrates the PMSS shown out of place for
convenience of illustration (a) and the posterior view of the full length commercial
shapewear garment comprising the PMSS (b) to show the places of the bands. Refer to
Figures with designator numiseand alphabet showing location of support bands.
Specifications of the shapewear garment and the PMSS are preseftddei and
Table 3 respectively.Refer to small gie in the tables andrigure 16 illustrating
specifications of the PMSS (a) indicated with lower case letters and the shapewear

garment specifications (b) indicated with capital letters.

a.Anterior view b. Posteriowview

Figure 10. Prototype, external
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a. PMSS b. Posterioview

Figure 11. Prototype with PMSS

Band materials

A knitted fabric made of 68% nylon and 32% elastane was used to construct the
bandsll throughl14 (Figure12a). Woven elastic made of polyester and elastomer was
used as the layered elastic bands under behdsd12 shown in theigure12(b). The
elastomer is core spun, covered with polyesextured top. In the Figures, the
measuring dimension is 1x1 inch square; the upper ruler indicates inches and the lower
line indicates millimeters. -§hape band material was covered with an extra fabric
which is the same material with theskape bands tprovide greater forces acting on

the body with physical comfort.
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a. X-shape bandaterial b. T-shape bandaterial

Figure 12. Band materials

Evaluation of Prototype: Pilot Test

A pilot test was conducted to determine if the PMSS had potential for further design

refinement and testing.

1) Sampling Proceduré Pilot Test
Three participants volunteered for the pilot test. All participants were Asian, ages 25
to 28 representing typical shapewear users who according to Jones and Guilbault (2014)

are ages 25 to 35. All paripants wore the smallest size.

2) Data Collection Proceduie Pilot Test

Participants were scanned using a 3D Human Solutions body scanner in the Human
Dimensioning© Lab dhe University of Minnesota. Participants were each scanned three
times in: 1. nsshapewear, 2. a commercial shapewear, and 3. the prototype. Participants

wore their own underwear for all scanning processes. Before scanning, landmarks were
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placed on thecervicalewhich is the tip of the spinous process of the seventh cervical
vertebraand both shoulder points referring to Gupta and Zakaria (2014) using a type of
earring backing that projects slightly from the body sur{aeeAppendixl).

Participants performed a variety of positioAdthough posture is often assessed by
looking at a person in the typical standing anatomical positmnthe pilot test a more
comprehensive look at position was warranted. A variety of positions were selected to
assess how posture might be affected by therimgeaconditions (no shapewear, a
commercially available shapewear product, and the prototype) in differing stances; from
a standard anatomical position, active position, and the standard anatomical position
while carrying an item. Diverse handbag positiamscarrying an item positions were
chosen because handbag carrying can cause spine problems such as scoliosis by carrying
it on only one side of the shoulder or hand. The bag loads were designed as
approximately 10% of their body weight (Harman, HoonkRrgn, & Pandorf, 2000).

To assess posture, posterior daueral views of virtual photographic images in each
position were generated for each participant and the same positions were compared

among three wearing conditions.

3) Data Analysis Procedu@ Pilot Test
Posterior view
Shoulder and spine angles were visually analyzed based on reference lines. To
generate the reference | ines, reference
appar el sizing and designo by ef@engetliries and Z
based on the reference points included: vertical line referring to the crotch point, center

line connected from the crotch point to @ervicale triangularshape lines connected
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from the crotch point to each shoulder point, and two hotatdimes onthe cervicale
and the lowest shoulder point among three wearing conditions qosheriorview of
standing position. For the walking up a stair position in the active position, the vertical
line refers to the inside of the malleolus by cdesing the center of gravity.

Lateral view

Center of gravity and spinal curvatures were analyzed based on reference lines on
the lateral view of the virtual photographic images in each position. The selected
reference lines included: vertical line nefeg to the intermediate point of the feet,
horizontal line referring to the buttock point, back line connected from buttock point to
the shoulder blades region, and mugatshape line connecting leghoulder point,
breast point, convex point of theotfacic region, and the middle point of the buttock

depth. Based on the reference lines, the curvatures of the thoracic region were analyzed.

4) Resultsd Pilot Test

Posture changewere observed for all participants wearing the prototype which is the
modified shapewear appearing to provig@sture modification compared to the
commercial shapewear and no shapewear for susstpositions. The angles opme
and shoulders were aligned when wearing the prototype also providing a balanced center
of gravity. Figure 13 shows visual analysis of a standard anatomical position from a
posterior view (a) and kteral view(b), with left figure wearing her own underwear,
middle figure wearinghe commercial shapewear, and riglgure wearing the prototype.
The location of each wearing conditiortli® samehroughout the illustration$igure 14
shows the same participant walking up a stair laigdre 15 shows the same participant

carrying a back witttheright hand.
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No shapewear Commercial shapewear Prototype
a.Posterior view

L _a— -
No shapewear Commercial shapewear Prototype

b. Lateral view

Figure 13. Visual analysis ostandard anatomical position
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Commercial shapewear
a.Posterior view

Commercial shapewear Prototype
b. Lateral view

Figure 14. Visual analysis ofvalking up a staiposition
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No shapewear Commercial shapewear Prototype
a. Posterior view

p— -
No shapewear Commercial shapewear Prototype

b. Lateral view

Figure 15. Visual analysis of carryingreitemposition with the right hand
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Third Stage: ComprehensiveTest and Evaluation

As a final stage of the design process, design reviews are used to find errors in the
final form (Lewis & Samuel, 1989). Designers need to refine designs to prevent negative
consequences and to improve performance. By correctingsenioe idea can be
produced ina final form (Chapman, Bahill, & Wymore, 1992)aBat and Sokolowski
(1999) divided this stage into two phases: 1) immediate production and 2)
improvement/refinement. They stated that immediate production incorporates <hange
that can be worked into current production methods while the improvement/refinement
incorporates further refinement with a more drastic change in product or return to earlier
stages of researchhis step involves physical testsdetermine if the revesl design will

meet needs or not andhitay lead to further refinement if necessary.

Third Stage: Comprehensive Test and Evaluation: Application

Results from the pilot test seemed promising: RiMSS was developed and pilot
testedwith three participastandthe results showedligned shoulder and spine angles
with balanced center of gravitwhen wearing the prototypdhe continued study is
delineated in the sections to follow starting with the third stage, comprehensive test and
evaluation of the revedd prototype.

At the third stage, a refined prototype was developed. For the third stage the PMSS
was applied to a broader range of sizes (small, medium and large) using the same
commercial brandSelf Expressior® by Maidenforn® (refer to Table 1). Twelve
participants wererecruited from university staff, faculty members and students to-wear

test the refined prototypt assess posture changes when wearing the prototgpe. T
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determineposture correction force dhe soft structural systenm modifying posture
standard laboratory materials tests were conductatkerrals elongation test results and
reaction of the materials when incorporated into the garment both off the body (flat
measured) and on the bodyere usal to determine force effects of the PMSS on
modifying posture.To getp ar t i c i-de@hn gesaptions of acceptability of the
shapewear garment combined with P&ISS questionnaires were administrated. After
the laboratory tests, idepth analyses inatling numerical posture assessment, posture

correction force analysis, and wearer acceptability analyesis conducted.

Revised Prototype Development

1) Design Specifications

A commercially available shapewear product, Self Expres®idns Maidenforn® ,
the same type of shapewear garment used in the pilot test, was used as the base prototype
garment with the addition of the PMSS inserted at the back of the garment torso. The
small, medium, and large size shapewear gamsneete used. Table 1 presents the

Maidenforn® size chart.

Tablel
SizeChart by Maidenforr®

Size Dresssize Hip size (inch)
S 4-6 36380
M 8-10 39410
L 12-14 42-4 4 ¢
XL 16-18 4547 0

2XL 20-22 48500
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. Design specificatins

Figure 16 illustrates the PMSS specifications (a) indicated with lower case letters
and illustrates the shapewear garment specifications (b) indicated with capital letters.
Table2 shows the shapewear garment specifications referring to the designator capital

letters. Table 3 shows the PMSS specifications referring to the designator lower case

letters.
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a.PMSS specification b. Garment specificatian

Figure 16. PMSS and shapewear garment specifications
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Table2

Specifications o€ommercialShapeweaiGarment

Shapewear garment Small Medium Large
(inch)
A. (BT?C;;%%’ length 5.625 5.625 5.75
B, (BLicrEgZ:)so length 6. 25 6.25 6.625
C. Diagonal band line lengtt 13 14 15
D. Under arm point to lower
point of the band
attachment on the side 25 25 2:5
seam
Table3
Specifications oPMSS
PMSS Small Medium Large
(inch)
a ?T"’;]C(')‘raciciorso length 55 5.625 5.875
55 55 5.8
b Back torso lenath (0.5 inches (11.53% (0.5 inches (11.53% (0.76 inches (1153%)
' (Lumbar) 9 shortened from 6.2t shortened from 6.2t shortened from 6.62!

c. Diagonal line length

d. Waistline length

e. Band attachment lengt
on the side seam

f.  Horizontal band length

g. Horizontal band width

h. Underarm point to uppe
point of the band
attachment

i. X-shape band width

j- Lower point of the banc
attachment to the end ¢
the side seam

inches of the bacl
torso lengthA)
12.5

(0.5 inches (3.84%

shortened from 13

inches of the bacl
torso side sear)

10
2.25

8.75
2

0.6

0.6

inches of the bacl
torso lengthA)
13.25

(0.75 inches (5.35%

shortened from 1<

inches of the bacl
torso side sear)

11
2.25

8.75
2

0.6

0.6

inches of the bacl
torso lengthA)
14

(1 inches (6.66%)

shortened from 1£

inches of the bacl
torso side sear)

12
2.25

8.75
2

0.6

0.6
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Band materials

The same materials used for the pilot test prototype were used for the revised
prototype and comphensive tests. The major revisasf the prototypenclude the
extendedvertical elasticband(refer toFigure 12b) from shoulderblades to upper hip
to exert more control to suppdite spineand0.6 inches of lastic trimattacledto each
side seam from underarmttoe end of the torso for stability of the side seam. Since the
resistance to elastic elongation along the length of the PMSS is greater than the
resistance to elastic elongation of the garment fatirecneed for support materials to

each side seam for stability was indicated from the pilot test.

Sampling Procedure

Twelve women, 19 to 28 years old, were recruited. The average age was 21.25 years
old for small size group, 20.5 years old for mediure group, and 24 years old for large
size group. Participants were recruited at the University of Minnesota from undergraduate
students, graduate students, university staff and faculty. Participants were recruited by
posting recruitment flyers in selectedildings on campus and by sending a recruiting
email GeeAppendixE andAppendixF).

Volunteers who responded to the recruiting methods were screened to determine
sdection for the final test. The requirements to participate were: the woman fit the
dimensions of each size shapewear garment (small, medium, and large) and demonstrated
shoulder imbalancd2eople were categorized according to the hip circumference for eac
size group based on thHdaidenforn® shapewear size charTgble 1). To determine
shoulder imbalance, each volunteer was scanned one wearing her own underwear in the

standard anatomical position. As a criteriordetermining posture imbalance, shoulder

70



angles were assessed because imbalanced shoulders can be an indicator of abnormal
spinal curvature§aladin & McFarland, 2008). Thus, shoulder imbalance may indicate
overall posture imbalance. At this stage, theeotiye value of an abnormal spinal
curvature is difficult to determine because the spine angle is often assessed in each spinal
region using radiographic images otherwise the spine angle is often qualitatively assessed
on the photographic images with a mdbve value of the spinal curvatures (Fedorak,
Ashworth, Marshall, & Paull, 2003). Therefoiastead of the spine angle, the shoulder
angle which is an angle between the line connecting the highest points of the shoulders
and the horizontal plane on thetual photographic images taken from 3D scans were
assessed. Once the participant met the criteria (hip size and shoulder imbalance), the

main test was conducted.

Data Collection Procedure

The study protocol for participants included completing eah$orms AppendixH),
3D scanning, manual tape measuring and completing questionnaires. The details of the
protocol are iM\ppendixG. After gathering 3D scan data, pastdata was acquired from
3D body scan data. Posture correction force data was calculated from a standard material
test using the Instré@ tensile tester and Instron Series IX software. Wearer acceptability
data were gathered from the questionnaires.s8tzti analyses were conducted using the
SPSS 23 statistical package for posture assessment and posture correction force
measurement. Content analysis was conducted for-epded questions for wearer

acceptability of the prototype.

1) Posture Data CollectioArocedure
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3D Scan

Before 3D scanning, participants were landmarked using a type of earring backing
that projects slightly from the body surface. These markers were placed directly on the
body on thecervicaleand both shoulder poin{acromion) The refeence points were
measured referring to the book AANnthroponm
and Zakaria (2014). The authors proposed a standardization of the anthropometric
measurements for apparel sizes based on the 1ISG17260 ISO 8599The neasuring
criteria forthe cervicaleand the shoulder points are providedppendixl.

Each participant was scanned three times in: 1. no shapewear, 2. the commercial
shapewear product, and 3. the prototypegithe 3D Human Solutions body scanner
in the University of Minnesota Human Dimensioning© Lab. Participants were scanned
wearing their own underwear (bra and panties) first and then the test garments were
randomly assigned.

People standh various pogionsmove,and ofterncarryitemsduring the course of a
day soa variety of positions were performed by participatdasdetermine the
effectiveness of the prototype athiewvng a more balanced posturehile in different
positions.Along with a standard reatomical position, several common load carrying
positions were selected determine if the PMSS isffective in aligning posturen
load carrying situationsParticipants performed eight scanning positions {AA5)
including rightside load (R) and lefside load (L) respectively for P3, P4, and P5
(Table 4). The bag loads were designed as approximately 10% of the average body
weight of each group (Harman et al., 2000). 3ppendixJ and AppendixK. The

active positions used for the pilot tesere not performed due to difficulties of
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consistently performing the positions for the scanning duration fiime study relied
on obserations of a single scan per positi@tanning each subject multiple times in
each position would allow seeing if the garment has a consistent effect or if it's an
artifact of variability in body position.

During scanning (approximately 11 seconds)tip@ants were asked to look
forward, breathe normally, and hold the position without moving for each scanning
position. Each participant completed all scanning processes within 1.5 hours on the

same day.

Table4d

ScanningPositions

Position No. Descriptions

P1 Standing in the anatomical pose face forward and feet placed at shouldet
without carrying any item

P2 Carrying a backpack

P3 Carrying a shoulder bag on the right shoulder (P3R) and the left shoulder
Carying a bag crosbody with a strap placed on the left shoulder to place

P4 weight at the hip level on the right side (P4R) and the strap and handbag
in the opposite direction (P4L)

P5 Carrying a bag with the right hand (P5R) and the left hant)(P5

2) Posture Correction Force Data Collection Procedure
Standard laboratory materials tests
To assesgosture correction forcef the PMSS incorporated into the prototype
acting on the body, materials were tested off the body and on the body. Chstresteri
of the PMSS soft materials were assessed using standard laboratory materials tests.
Pounds of forceof the fabric by elongation rate were measured using an I&tron
tensile tester. Stretch of the materials under a particular load or the load atugvar

amount of stretch was determined (Merkel, 1991). After a-&adgation curve was
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recorded,pounds of forcewere calculated according to the elongation rate of the
garment measured on the body. Selected garment dimensions were measured on the
garnent placed flat on a table and then marked areas on the garment were measured
using a standard tape measure when the participant was wearing the garment.
Differences between the two measured lengths (flat and on the body) were calculated.
These dimensionsnclude: 1) garment torso length at location of the PMSS soft
materials (thoracic and lumbar regions respectively), 2) garment torso diagonal lengths
where the PMSS soft materials are placed diagonally from underarm to opposite side
seam at waist, and 3)aist circumference which may be used to determine possible
compression of materials at the waistline. The measuring procedures were repeated for

each garment.

3) Wearer Acceptability Data Collection Procedure
Administration of questionnaires

To assess wear acceptability of the shapewear garment combined with the PMSS,
participants were asked to complete three questionnaires: shapewear study
questionnaire for background information and shapewear product evaluation
questionnaire for each shapewear garm@uoestionnaires are presenteddjopendixL
and Appendix M. Participants completed the background information questionnaire
before 3D scanning. After scanning, participantempleted two evaluation
questionnaires. Participants evaluated theily scansn the standing position (P1) as
seen on the computer screen by comparing three wearing conditions. Respondents used
a Likerttype scalegeven scalg@do evaluate their bodghape and posture changes and

fit of each shapewear garment. Ogaded questions werministeredunder each
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guestion category tgain more informationEvaluation questionnaires ftire prototype

garment and the commercelapewear garment were ideatic

Data Collection

1) Posture Data

Numerical body angles were calculated using the coordinates of the reference points
on the 3D scanned body images obtained from ScanWoiPhe system is based on the
VITUS coordinate system which is a righ&nded coalfinate system. The orientation of
the axes is as follows when seen in frontal perspective (ScalWaisér guide, 2009).
Figurel7 illustrates the VITUS coordinate system with each axis specified including: X
axis running from bottom to top, -#xis running from back to frongnd Z-axis running
from left to right. The planes formed by the XZ, Xahd YZ axes correspond to the

frontal, sagittgland horizontal planes respectively.
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X-axis:
runs from bottom
to top

Z-axis.
runs from left

to nght \

Y -axis:
runs from back
to front

Figure 17. The VITUS coordinate syste(R1)

To calculate body angles, seven reference points (RRR7) were manually selected
on each 3D scanned bodyable5). Figure 18 shows reference points on a 3D scanned

body.
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Tableb5

Terms forReferencdPoints

Reference point No. Terms for the study Anatomical terms
RP1 Back neck point Cervicak
RP2 Left shoulder point Left acromial point
RP3 Right shoulder point Right acromial point
RP4 Junction of L3L4 vertebrae Junction of lumbar vertebrae 3 and
RP5 Front neck point Upper edge of the sternal notch
RP6 Middle point of each breast on the bra Middle point of sternum
RP7 Navel Umbilicus

a.Posterior view b. Anterior view

Figure 18. Reference points

Body angles

5

Five body angles were calculated for each scan posig@htpositions total) for
all participants. Amondgve body angles, some body angles were determined referring
to the New York Bsture Rating Chart (New York State Education Department, 1958)

with others determined using alternative reference points on the 3D scanned body.
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Body angles visible ancheasurablen topical body scans were used as indications of
internal anatomical straires acknowledging that many bone, muscle and ligament
structuresnfluence topical features.

Based on the coordinates of the reference points 8oamWorXM, body angles
were calculatedFor the convenience, | denotody angles by and the spatial
information of RPi ( 1 i @ 7 ) &, oy ®).(The selected body angles ahenas
follows:

A [ is an acute angle between the horizontal line referring to RP2 and the line
connected with RP2 and RP3 on the frontal pléRigure 19a). RP2 (left
shoulder point) is the intersection of the two lines. This angle shows a shoulder
level and the lower shoulder point varies for each participant. A positive value
indicates a high right shoulder while a hitgft shoulder is indicated as a
negative value. The posterior vie(@) in Figure 19 shows an example of a
negative value of exhibiting a high left shoulder. This angle was calculated
by

| AOGAL . (1)

A [ is an acute angle between the vertical line referring to RP4 and the line
connected with RP1 and RP4 on the frontal plgigure19a). RP4 (junction of
L3-L4 vertebrae) is the intersection of the two lines. This angle shows a spine
line exhibiting the lateral center of gravity changesulting fromwearing a
garment orcarrying a load. The back neck point location varies for each
participant. A positive value indicates the back neck point tilted to the left side

compared to the junction of L34 vertebrae while a negative value shows th
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back neck point tilted ttheright side. The posterior vie{a) in Figure19 shows

an example of a negative value of exhibiting the back neck point tilted toe
right side. As a RP4, a lower spinal véri@ was selected to define the spine line
based on the literature that the-L8 and L4L5 discs are important factors
indicating abnormalities ahe spine (Pritchet& Bortel, 1993).This angle was

calculated by

] AOAL- . (2)

| is an obtuse angle between the line connected with RP6 and RP7 and the line
connected with RP7 and RP8 on the frontal pléfigure 19). RP7 (middle

point of each breast) is the endpoint where the line of RP6 (front neck point) and
the line of RP8 (navel) come together. This angle shows lateral curvature of the
spine. Since selecting reference points for a spimeature on the posterior view

with no visible landmarks on the surfaokthe 3D scanned body difficult, the
reference points were selected on the anterior view showing visible landmarks as
described.An aligned lateral spine curvatuessumesl80° of [ . An angle
smaller than 180° indicates a ledfide curvature and larger than 180° indicates a
right-side curvature of the spine. The anterior vi@)yin Figure 19 shows an
example of a lefside spine cumture. Note that due to using 3D scan data
instead of radiographic images, this angle does not indicate an exact spine
curvature obtained for clinical purposes such as Cobb angles calculated on
radiographic image(Cobb, 1948). However, a tendency afspure changes can

be interpreted from this angle for nohnical purposes.This angle was

calculated by
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] A AOAL AOAL-. (3)

A [ is an acute angle between the vertical line referring to RP4 and the line
connected with RPand RP4 on the sagittal plaffégure19c). RP4 (junction of
L3-L4 vertebrae) is the intersection of the two lines. This angle shows trunk
inclination based onhe forward/backward movement dihe back neck point.

This angle is obtained as a negative value. A smaller angle (absolute value)

assumesmaller imbalance This angle was calculated by

I AOAL . 4)

>

| is an obtuse angle between the line connected with RP1 and RP2 and the line
connected with RP1 and RP3 thre horizantal plane(Figure 19d). RP1 (back

neck point) is the endpoint where the lineR®2 (eft shoulder point) and the

line of RP3 ¢ight shoulder point) meet. This angle shatwsforward/backward

movement ofthe shodder points resulting from a load placemeAtcommon
posture misalignment is what is commonl
shoulder points forward along therizontalplane giving a rounded upper spine.

A smaller angle assumes more hunched shasildbile a larger angle assumes

straigher shouldersThis angle was calculated by

] A AOAL- AOAL. (5)

There are cleagriteria to determine posture imbalance by analyzing changgs,of
[ ,and] while[ and[ are not a factor determining balance or imbalance of

posture but shows a tendency of posture changes by wearing a shapewear garment.
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a.f and[ on frontal plane b. | on frontal plane

X

A,

c. [ on sagittablane d. | onhorizontalplane

Figure 19. Body angles
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2) Posture Correction Force Data

Materials tests

Posture correction forcevas measured based on each band length and waist
circumference off the body and on the bodefer to Figure 20 with designator
alphabets showing each band locatidable 6 shows specimen sizé&s inch for each
part andTable 7 shows descriptions of test materia®nce part dvas tested on the
actual garment, the values were obtained from 2 layers of the garment. To compare

loads by extension for each specimen, the values were divided byTafde&5).

T =t |
Al A4

Figure 20. Parts of specimesfor PMSS

Table6

Specimergizes (MediunSze Based)

C (inch) P (inch)
a b c d a b c
5.625*2 6.25*2 14*2 11*2 6*2 5.5*2 13.25*2
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Table7

Descriptionsof TestMaterials

Fabric Number -
Part . . Descriptionsof layers
direction of layers
1. Doublelayered knitted fabric made of 68% nylon and 3:
elastane
a Lengthwise 3 2. Woven elastic made of polyester
3. Garment fabric made of 81% nylon and 19% elastane
1. Doublelayered knitted fabric made of 68% nylon and 3.
b Lengthwise 2 elastane .
2. Garment fabric made of 81% nylon and 19% elastane
. 1. Doublelayered knitted fabric made of 68% nylon and 3.
Lengthwise 1
elastane
c
Bias 1 1. Garment fabric made of 81% loy and 19% elastane

1. Garment fabric made of 81% nylon and 19% elastane
d Crosswise 1 (Note. he actual garment was tested (2 layers total, fi
and back bodice of the garment).

., Posture correction force

A Force of PMSSSelected garment dimensions weneasured on the garment
placed flat on a table and then marked areas on the garment were measured
using a standard tape measure when a participant was wearing each garment.
Differences between the two measured lengths (flat and on the body) were
calculate for part a, b, and c (right side and left side bands respectively) and
then pounds of forcevere calculated according to the elongation rate of the
garment.

A Garment compressiofPounds of forcavere calculated for the waistline from
the material test re#ts. To see possible effects of garment compression on
posture modification, four body circumferences were measured on the scanned
body (Table 8). Among four body circumferences, some dimensions were

determined rierring to the AnthropometricSurvey of US Army Personnel
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(Gordon, Chrchill, Clauser, Bradtmille& McConville, 1989) with others
determined using alternative reference points on the 3D scannedRigule

21 shaws body circumferences on a scanned body.

Table8

BodyCircumferences

Circumference _
Descriptions

dimension
The horizontal circumference of the chest at the level of inferior juncture o
Underbust lowest breast with the rib ga (note: this dimension was measured at the point
1 inch below the described point to avoid effects of blurred scanning areas
arm)
Waist The horizontal circumference of the waist at the level of its natural indentatior
Upperhip The horizonthcircumference of théower backat the level oRP4
Hip The horizontal circumference of the trunk at the level of the maximum protri

of theright buttock

a. Anterior view b. Posterior view

Figure 21. Body circumferences
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3) Wearer Acceptability Data

Three acceptability items including posture changes, body shape changes, and fit of
each shapewear garment were assessed using a Likert typessvale $calgs Open
ended gquestions were asked to getsemore d

AppendixK andAppendixL).

Data Analysis Procedure

1) Statistical Analysis

Paired ttests were conducted to examine the mean difference of each dependent
variable between 1) no gshewear and the prototype and/or 2) the commercial shapewear
product and the prototype to analyze posture changes and posture correction force.

In this study with a small sample siz&2(participans), the t distribution at a
significance level of.10 wasused for statistical analyses. When dealing with small
samples (n <30xignificance level needs to be considetechandlethe risks of making
type | and type Il errors when conducting hypothesis tests. If the consequences of making
one type of error armore severe than making the other type of error, then it is possible
to choose a level of significance and a power for the test reflecting the relative severity of
those consequenced/hen the sample size is small, a significance levelldfmay be
prefared to decrease typH errors (Verbeek, 2008; Rubin, 2012)he following
conditions were set for statistical analysekec r i t i c al t with 11 deg
= .10, and ondailed is 1.363 and twtailed is 1.796. Null hypothesis for all statistical

analysiswas: t = 0. Descriptions of Hernative hypothess, critical t, and

variables for bodyngle changes amubsture correction forcare shown inTable9. In

the tablesterms were determinddr categories: BA: Body angle changB&M: Pounds
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of forceof materials, EM: Extension of materials on thelypdPF:Pounds of forcen the

body, and BC: Body circumference and pailé: No shapewear, CCommercial

shapewearandP: Prototype

Table9

Descriptions oRatistical Analyses

Categor Alternative Critical t Items (Indzagﬁdent
gory hypothesis (Dependent variable) p
variable)
. NT P
Hay: >0 1.363 [, andf Cip
BA
. NT P
Ha: <0 -1.363 [ andf Cip
PFM Has: <0 -1.363 Part a, b, and c CiP
EM Has: io 11.796 Part a, b, cR, cL, and d CiP
Has: <0 -1.363 Part a, b, and c CiP
PF
Hae: io 11.794 Partd CiP
) . Underbust, waist, upper "
Hay: I 0 11.794 hip, and hip CiP
BC
) i Underbust,waist, upper NT C
Ha: [ <0 1.363 hip, and hip N7 P

2) Content Analysis

Content analysis was conducted for the questionnaire @peed questions. The data

wer e

perspectives, and understamdj s .

perceptions toward their body and acceptability of the shapewear garments combined

with the PMSS.

analyzed

by
The
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Summary

At the problem definition and research stage, a problem was identtiedeed for
developnent for an effective posture modification design element using soft structural
materials tomore closely resemble the ideal body and provide better cofofobetter
wearer acceptabilityProblems of existing posture modification garments were defined:
posture correctors/back supporters exhibit effective posture suppotittlitcomfort
while shapewear garmentare less evident in modifying posture but are relatively
comfortable. In an attempt to solve these problems an existing shapewear product was
modfied using additional soft materials (textiles) added to the back torso of the garment.
This system is called the Posture Modification System using Soft materials (PMSS). The
goal of the PMSS was identified: to achieve modified posture and relative twsifoy
nonrigid materials and structures.

At the creative exploration stage, the initial PMSS desvgs developed.The key
element of the PMSS design wast structurabands (Tand Xshape bands) inserted to
the inside back of a typical shapewearrgent. The preliminary designideaswere
compared to existing technologhrough academic, patent, and market seart¢bes
determinewh et her it iI's novel and can achieve
torsa Some design elements weselectedanda prototype was developéy modifying
a commercial shapewear produbt. a pilot test,the prototype was tested with three
volunteers. They were scanned three times in 1) no shapewear, 2) a commercial
shapewear product, and 3) the prototypesture moditation was observed for all
participants wearing the prototygempared to the commercial shapewear product and

no shapewear for most positiodspossibility of posture modification while wearing the
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prototype was identified at earstage development wanting acomprehensive study
with a refined prototype tested on more participants.

At the third stagerefined prototyps were developed for a broader range of size
groupsfor generalization of the resulta regard to posture modification effectBhe
revised prototypgwere tested expanding the participant pool to 12 women who fit the
dimensions of the small, medium, and large size shapewear garihemtssess posture
changes when wearing the prototype, five body angles were analyzestaauthrd
labaratory materials tests were conducteddetermineposture correction force dhe
PMSSin modifying postureincluding nmaterials elongation test results and reaction of the
materials when incorporated into the garment both off the body (flat measunedh
the body To getp ar t i c i-demhnperseptions of acceptability of tekapewear
garment combined with theMSS qualitative analysis was conducted using shapewear

evaluationguestionnaires.
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CHAPTER FOUR: RESULTS AND DISCUSSION

This chaper presents a report and discussidrthe results that are related to the
analysis of quantitative body angle and posture correction force data as well as qualitative
data analysis for the questionnaires. The chapter is divided into three sections: 1)
demographic information, 2) quantitative evaluations, and 3) qualitative evaluations. The
second section is divided into two parts: 1) posture modification effects and 2) posture
correction force. The third section is divided into two parts: 1) backgrodadration

and 2) wearer acceptability.

Demographic Information

Twelve female participants, 19 to 28 years @defage ag@1.917+ 2.610yeary,
were recruited from university staff, faculty members, and students. Seven participants
were Caucasian arfdze participants were Asian. People were categorized according to
the hip circumference for each size grolipble 10 shows the sampling descriptions for

each size group.

Table10

SamplingDescriptions

Age Hip girth Weigh Heigh

(year) (inch) (Ib) (inch)
Size N M SD M SD M SD M SD
S 4 21.25 1.258 38.063 0.826 133.350 5.239 64.353 1.911
M 4 20.5 1.000 41.094 1.028 155.250 5.524  65.490 3.985
L 4 24 3.651 45594 0.313 189.550 7.535 68.128 1.250
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Quantitative Evaluations

Statistical analyses were conducted to assess posture changes in each wearing
condition and to analyze posture correction force based on the standard laboratory
materials testsThroughout the stydthe complex and interconnected factors of body

posture and a garment worn on the body are acknowledged.

Posture Modification Effects

To determine whether there are significant differences between the sample means of
the body angles, pairedtdsts were anducted bycomparing each body angle in 1) no
shapewear (N) with the prototype (P) and 2) the commercial shapeweaiitiiChe
prototype (P). In each scan position, five body angles were analyzed usingalemhe
paired ttest (Ha=M>O0for [ ,[ ,and] andHa=Ms<Ofor [ and[ ). Refer
to Table9. Significant sample mean differences were found for most of the body angles
for eachscanposition. The figures in this section illustrétee posterior view (a) and
lateral view(b) including each wearing condition respectively: no shapewear (left), the
commercial shapewear (middle), and the prototype (right). The location of each wearing

condition is the same throughout the illustrations.

Body Angle Changes in Position 1

In the standard anatomical position (Pa&)highly significant difference between
sample means greater than zerere observed fof (Mg> 0,t > 1.363, ancp < .01)
and statistically significandample meaulifferenceswere observed fof (Mg> 0,t >

1.363, angp < .05) and] (Ma< 0,t < -1.363, ang < .05) with [ (Mg> 0,t > 1.363,
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andp < .10 on the boundargf the statistical significance) for the pmaof N andP. On
the other hand, atest failed to reveal a statistically relialdample meaulifferencefor
| for the same paifMq = -.339, SD = 1.37% (11) =-.853, andp = .206). It indicates
that smaller imbalancgon the shoulder level, lateral center of gravity, #atdralspine
curvatures were observaghen wearingthe prototype with observation atraigher
shoulderson thehorizontal planecompared to no shapewear. There was no significant
difference on the trunk inclination between the two wearing conditions.

Pairsof C and P also showed significatifferences between sample mednis |
(Mg> 0,t> 1.363, an@ < .01, highly significance)[ , and[ (Mg>0,t> 1.363, and
p < .05 statistical signifiancg with [ (Mg< 0, t < -1.363, andp < .05) while [
exhibited no significansample meauifference (Mi=-.097, SD = 1.787f (11) =-.188,
andp = .427). The prototypeprovidedmorebalance shoulder levebndlateral center of
gravity andless excessive laterapine curvaturesas well asstraigher shoulders on the
horizontal plane compared the commerciashapewearHowever, it was observed that
the trunk inclinationis not significantly affected by both shapewear garments in this
position.The results of theairedt-tess for all body anglsin P1 are shown infable11.

Figure22 showsposture changesf a medium size participant in P1
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No shapewear Commercial shapewear
a.Posterior view

No shapewear Commercial shapewear Prototype
b. Lateral view

Figure 22. Posture changes ofnaedium size participam P1
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Body Angle Changes in Position 2

When carrying a symmetrical load carriage (P2), an increase in forward inclination of
the trunk is expected because of an extra weight applied to the back of the body (Li and
Hong, 2004). This phenomenon is a body resptms@ extra weight applied to the body
by adjusting its posture in the opposite direction to restore equilibrium. To assess trunk
inclination,obtainingRP1 and RP4 on the L34 vertebrae is necessary. However, in this
position, L3L4 vertebrae region (RR4s invisible when performing carrying a backpack
so thatf and[ were not acquired. Although some angles were not assessed, the test
results for the rest of body anglfs, [ , and[ ) exhibited significant sample mean
differences

For the pairs ofN and P, statistically significant sapte mean differencesvere
observedor [ (Mg>0,t>1.363 angp<.05)and| (Mg<0,t<-1.363, ang < .05)
anda marginally significantdifferenceof sample means greater than zesas observed
for [  (Mg> 0, t>1.363 ang < .10).The pairs of C and Bxhibitedhighly significant
sample mean differences falt angleqp < .01).

The test resul ts i ndi cate t hiateral gpiaer t i ci p
curvatures showesmaller imbalancewhen wearinghe prototype Straighter shoulders
on thehorizontalplanewere also exhibited in the prototypempared to no shapewear
and the commercial shapewear in this positibme results of theairedt-tess for all
body angle in P2 are shown ifable 11. Figure 23 showsposture changesf a small

size participant in P,

93



No shapewear Commercial shapewear Prototype
a. Posterioview

—

No shapewear Commercial shapewear Prototype
b. Lateral view

Figure 23. Posture changes of a snmsilte participanin P2
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Body Angle Changes in Position 3R

When carrying a shoulder bag on the right shoulder (P3R), highly significant
differencesof sample means greater than zesere observed fof , [ ,and[ (Mg>
0, t > 1.363 angb < .01) for the pairs oN andP. It was also observed that there veas
statistically significant mean difference f¢r (Mg< 0, t <-1.363, anc < .05) While a
t-test failed to reveal a statisticalleliable difference of the sampieean of/ between
the two wearing condition@q = .211, SD = 4.14&,(11) = .177, angb = .431). The test
results indicatesmaller imbalance on the shoulder level, lateral center of gravity, and
lateral spine cuvatures with straigler spinesindicating less trunk inclinationwhen
wearing the prototype comparedrto shapewear. However, in this position, no evidence
was found that wearing the prototype is effective in straitening the shomtdéne
horizontal plae

Pairsof C and P also showehighly significantdifferenceof sample means greater
than zerdor [  (Mg>0, t > 1.363 ang < .01)anda marginal significance fof (Mg
>0, t > 1.363 angb < .10). However, no significant angle differences were obsdored
[ (Mg=.445, SD = 1.721 (11) =.896, ancb = .195) [ (Mg = .095, SD = B43,t
(11) = .246, angh = .405) and | (Mg = .521, SD = 2.398,(11) = .753, angh = .233)
It is assumed that the prototype worked better in modifying postutiee lateral center
of gravity andlateral spine curvatures compared to the comma¢rshapewear in this
position.The results of thpairedt-tess for all body anglein P3R are shown ifiable11.

Figure24 showsposture changesf asmallsize particiant in BR.
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.
No shapewear Commercial shapewear Prototype
a. Posterior view

No shapewear Commercial shapewear Prototype
b. Lateral view

Figure 24. Posture changes of a snmsilte participanin P3R
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Body Angle Changes in Position 3L

When carrying a shoulder bag on the left shoulder (P3L), highly sigmifica
differencesof sample means greater than zemre observed fof , [ hand[ (Mg>
0, t>1.363, ang < .01)with astatistically significant mean difference fér (My<O0, t
< -1.363, andp < .05) for the pairs oN and P. For [ , no significant sample mean
difference was observed @ -.645, SD = 2.791t (11) =-.801, andp = .220). The
results showed that the participants wearing the prototypes exhibited smaller imbalances
on the shoulder level, lateral center of gravity, dagral spine curvatures as well as
straigher spines compared to no shapewear. However, no evidence was found that it is
effective in straitening the shoulden the horizontal planehile wearing the prototype
in this position.

When comparingthe bog angles inC to P, the test results showeal highly
significant sample meardifference for] (Mq> 0, t > 1.363, anth < .05) and
statistically significantsample meanlifferencesfor [ , [ h(Mg¢> 0, t > 1.363, ang
<.0B),and] (Mg<0,t<-1.363,andp < .05)with no significant difference fof
(Mg = .124, SD = 1.143t (11) = .376, and = .357). The resultsindicate that the
prototypeprovidedlessimbalance shoulder leveandbetterlateral center of gravitgnd
preventedexcessive lateralpine curvaturesrhe prototype alsstraightenedhe shoulder
on the horizontal planeompared to the commercial shapewear in this posiite.
results of thepairedt-tess for all body angle in P3L are shown iTable11. Figure25

showsposture changesf amediumsize participant in BL.
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No shapewear Commercial shapewear Prototype

a. Posteriowview

e

No shapewear Commercial shapewear Prototype

b. Lateral view

Figure 25. Posture changes of a medisimeparticipantin P3L
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Body Angle Changes in Position 4R

When carrying a bag cro$®dy with a strap placed on the left shoulder to place the
weight at the hip level on the right side (P4R), highly significhfferencesof sample
means greater than zenere observed fof and|[ (Mg> 0,t> 1.363, ang < .01)
betweenN andP. Marginally significantsample meadifferenceson the boundary of the
statistical significancevere observed fof (Mg¢> 0,t > 1.363, ando < .10)and |
(Mg< 0,t<-1.363 andpb < .10). On the other hand, deist failed to reveal a statistically
reliablesample meadifferencefor [ for thesame paifMq = .077, SD =5.195 t (11)
= .052, andp = .480). It indicates that the participants wearing the prototype exhibited
smaler imbalance on the shoulder level, lateral center of gravity, datkral spine
curvatures witHesstrunk inclination.However,it showed no effects in straightening the
shoulderon the horizontal plani@ this position.

Forthe pairsof C and Pahighly significantsample meadifferencefor [ (Mg> 0,

t > 1.363 andp < .01) andstatistically significansample meanlifferencesfor [ and

[ (Mg>0,t> 1.363, ang < .05) with no significantsample meaulifferences forf

(Mg =-.157, SD = 1.020; (11) =-.533, andp = .302)and [ (M4 = .015, SD = 2.28Q,
(11) = .023, ang = .491)were observedParticipants wearing the prototypes exhibited
morebalance shoulder levelndlateral center of gravity arldss excessive laterapine
curvaturesHowever, itwas not evidehthat the prototype is effective providingless
trunk inclination and straightening the shouldarthe horizontal plandhe results of the
pairedt-tess for all body anglsin P4R are shown iifable11. Figure26 showsposture

change®f alargesize participant in #R.
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No shapewear Commercial shapewear
a.Posterioview

No shapewear Commercial shapewear Prototype
b. Lateral view

Figure 26. Posture changes of a largige participanin P4R

100



Body Angle Charep in Position 4L

When carrying a bag cro&®dy with a strap placed on the right shoulder to place the
weight at the hip level on the left side (P4b)statistically significantsample mean
difference greater than zewnsobserved forf (Mg> 0,t> 1.363, ang < .05) for the
pairs of N andP. Highly significant sample mean differences were observed foif
(Mg> 0,t> 1.363 andp < .01), andf (Mg< 0,t<-1.363 andp < .01) for the same
pairs. While no significansamplemeandifference was observed fgr (Mq=.817, SD
=2.7281t(11) = 1.038, ang = .161).

When comparing the body angles int€P, the same tendency was observed for
some body angles. Highly significadifferences between sample means greater than
zerowere found for[ , [ hand[ (Ma>0,t> 1.363 ang < .01). On the other hand,
no significantsamplemean difference fof (Mg =-.211, SD = 2.126t (11) =-.344,
andp = .368) was observed with the greafer (Mq¢> 0,t > 1.36 andp < .10) in the
prototype. Theestresults indicate that the participants wearing the prototypes exhibited
smaller imbalancgon the shoulder level, lateral center of gravity, datkral spine
curvatures compared to no shapewear and the commesicsglewear. However,
prototype was less effective in improving the trunk inclination than the commercial
shapewear and exhibited no effectiveness in straitening the shoumdbe horizontal
planecompared to both wearing conditions in this positibhe esults of thepairedt-
tess for all body anglein P4L are shown iTable11. Figure27 showsposture changes

of amediumsize participant in L.
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No shapewear Commercial shapewear Prototype
a.Posterior view

No shapewear Commercial shapewear Protot);pe
b. Lateral view

Figure 27. Posture changes of a medisime participanin P4L
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Body Angle Changes in Position 5R

When carrying a bag with the right hand (P5R), signifiagdifferencesof sample
meansbetweenN and Pwereobserved forf (Mg> 0,t> 1.363, anc < .05)and |
(Mg< 0,t<-1.363, angp < .05) with[|  (Mg> 0,t> 1.363, ang < .10 on the boundary
of statistical significance)f (Mg = .070, SD =1.376,(11) =.178, ang = .431)and
| (Mg =-562, SD = 2.001t (11) =-.973, andp = .176)d i dn ot exhibit S
sample mean differences. It showed that the participants wearing the prototype exhibited
better lateral center of gravityless excessive laterapine curvatureand straighter
shoulders on thlorizontalplanewhile no changes were observed for the shoulder level
and trunk inclination in this position.

Highly significant differences betweetwo sample means greater than zevere
observed forf and|[ (Mg>0,t> 1.363 and < .01) for the pairs of GndP. No
significant mean differences were observed[for (Mq=.122, SD = 1.13@,(11) =.375,
andp =.357),] (Mq=.030, SD =1.61%,(11) =.066, angh = .474), and] (Mq=-

.879, SD = B64,t (11) =-1.063, andp = .155). The test resultsndicate that the
participants wearing the prototype exhibited smaller imbatacehe lateral center of
gravity andlateralspine curvatures comparedttee commercial shapeweddowever, it

was notevident that the prototype is more effective in modifying shoulder level, trunk
inclination, and shoulder line on the horizontal plane than the commercial shapewear.
The results of theairedt-tess for all body anglein P5R are shown iffable11. Figure

28 showsposture changesf alargesize participant in BR.
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Commercial shapewear
a.Posterioview

Prototype

—— —

No shapewear Commercial shapewear Prototype
b. Lateral view

Figure 28. Posture changes ofl@gesize participanin P5R
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Body Angle Changes in Position 5L

When carrying a bag with the left hand (P5L), marginally significhifiérencesof
sample meanbetweenN and P were observed fof , [ (Mg> 0,t > 1.363 andp
< .10), andf (Mg< 0,t < -1.363 andp < .10) while no significansamplemean
differences for[ (Mg =.350, SD =1.21%,(11) =.999, angh = .169)and[ (M4 =-
469, SD = 1.220t (11) =-1.332, andp = .105) were observed. It indicates thia¢
prototypeprovidedsmaller imbalanceon the shoulder leveindlateralspine curvatures
and straigher shoulders on théorizontal plane compared to no shapewear. However,
there was no evidence that the ptgpe is effective irmodifying thelateral center of
gravity and the trunk inclination in this position.

Pairsof C and P also showed statistically significalifferences between sample
means greater than zefor [ hf hand[ (Mq> 0,t> 1.363 andp < .05). On the
other hand, no significarsamplemean difference fof (Mq=-.117, SD = .906t (11)
=-.449, andp = .331) was observed with the greafer (Mq> 0,t > 1.363 ang < .10)
at themarginal significant level in the prototype. Ttestresults indicate that participants
wearing the prototype exhibited smaller imbalanae the shoulder levelateral center
of gravity, andlateral spine curvature. However, wearing the prototype skioless
straight shoulders on thieorizontal plane and no significant difference fdhe trunk
inclination compared to the commercial shapewear in this posilioa.results of the
pairedt-tess for all body anglsin P5L are shown ifTablel1l1. Figure29 showsposture

change®f alargesize participant in bL.
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No shapewear Commercial shapewear Prototype
a.Posterioview

No shapewear Commercial shapewear Prototype

b. Lateral view

Figure 29. Posture changes of a largige paticipantin P5L
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Tablell

Paired T-Test forBody Angle Changes

Pair N7 P Pair Ci P
Position Angle Ma(°) SD(°) t(@11) p Ma(°®) SD(°) t(@11) p
I .867 .755 3.976 .001 577 .585 3.412 .003
I 422 .830 1.762 .053 .259 457 1.966 .037
P1 I 1.380 2.072 2.290 .021 1.321 1.732 2.644 .011
I -.339 1.379 -.853 .206 -.097 1.787 -.188 427
I -2.012 2.826 -2.466 .015 -1.705 2.817 -2.096 .030
I .376 787 1.657 .063 425 473 3.116 .005
P2 I 1.148 1.4 2.726 .010 997 1.04 3.316 .003
I -1.980 3.548 -1.933 .039 -2.755 1.748 -5.459 .000
I 1.852 1.332 4.814 .000 445 1.721 .896 195
| 575 .684 2.913 .007 .831 .958 3.007 .006
P3R | 2.108 2.348 3.110 .005 .835 1.836 1.575 .071
I -.980 1.880 -1.806 .049 .095 1.343 .246 .405
I 211 4.146 A77 431 521 2.398 .753 .233
I 1.900 1.062 6.195 .000 727 1.298 1.942 .039
| .959 .659 5.039 .000 .700 1.233 1.968 .037
P3L | 3.694 3.720 3.440 .003 1.261 1.309 3.336 .003
I -.974 1.595 -2.116 .029 124 1.143 376 .357
I -.645 2.791 -.801 .220 -1.451 1.840 -2.731 .010
i 1.277 1.484 2.981 .006 551 .867 2.204 .025
| .924 1.146 2.792 .009 579 307 6.537 .000
P4R | 1.479 2926 1.752 .054 1.403 2.371 2.050 .032
i -1.030 2.017 -1.770 .052 -.157 1.020 -.533 .302
i .077 5.195 .052 .480 .015 2.280 .023 491
i .955 1.316 2.514 .014 1.013 1.041 3.371 .003
| .868 .759 3.961 .001 797 .822 3.362 .003
P4L | 4630 1.600 10.024 .000 1.662 1.827 3.151 .004
i - 736 912 -2.797 .008 576 1.335 1.497 .081
i 817 2.728 1.038 161 -.211 2.126 -.344 .368
I .070 1.376 178 431 122 1.130 375 357
] 459 918 1.732 .055 792 .959 2.862 .007
P5R ] 1.486 2.322 2.217 .024 2.075 2,531 2.840 .008
I -.562 2.001 -.973 176 .030 1.617 .066 A74
I -2.008 3.782 -1.840 .046 -879 2.864 -1.063 .155
I .500 1.183 1.464 .085 337 504 2.317 .020
] .350 1.215 .999 .169 .548 .836 2.273 .022
P5L ] 1.476 3.215 1.591 .070 .639 l.1le 1.905 .041
I -.469 1.220 -1.332 .105 =117 .906 -.449 331
i -1.319 3.198 -1.429 .090 .843 1.990 1.466 .085

Note.ltl > 1.363 are in boldface.
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In most caseshe testresultsprovedthat the sample meanlifferencesfor | , [
and [ between no shapewear aifé prototypeandthe commercial shapewear atig
prototype are statistically significant These angles show the balance of the body
exhibiting clear criteria in asssing posture; an aligned shoulder level and lateral center
of gravity assumes 0° of and| respectively and an aligned lateral spine curvature
assumes 180° of . Thus, smaller angles from zero fpr and] with a smaller
angle sutracted from 180°for[ indicate more aligned posture.

The test results showed that exhibiting the shoulder level was smallehen
wearingthe prototype in 87.5% of the scan positionmpared to no shapeweardin 75%
of the scan positiscompared to the commercial shapewégar.exhibiting the lateral
center of gravity was smaller in the prototype in 85.7% of the scan posibamsared to
no shapewearParticipants wearing the prototype exhibited smaller for all scan
positionscompared to the commercial shapewear. In all scan positions, more aligned
lateral spine curvatures were observed €lose to 186 when wearing the prototype
compared tamo shapeweand the commercial shapewear

From the observations, by addiag extra soft materiakupport(textile band) to the
back of a commercial shapewear product, effectiveness of the protesgoéound in
modifying the shoulder level, lateral center of gravity, and lateral spine curvature while
standing and carrying atem compared to both no shapewear and commercial shapewear
conditions.

In regard tof and| , thereare no clear criteria in assessing posture assé¢h
angles are not the factors determining balance or imbalance of posture but show a

tendency of posture changes by wearing a shapewear garment.
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In the test results, great¢r in the prototypewas observed in 57.1% of the scan
positions compared to no shapewdarindicates that articipants exhibited straigét
spines on the sagittal plamadicating lesstrunk inclinationin more than a half of the
scan positions when weagrhe prototype compared to no shapewear while participants
exhibited no difference of in 42.9% of the scan positionghe pairsof the
commercial shapewear and the ptgp@ exhibited no significant sample mean
differencesfor [  for six scan positionsvith greater| (Mqg> 0) in P4L It indicates
t hat t he pr od¢ any sypifeantdiffetemad fohertrarik inclination in the
most of the scan positions compared to the commercial shapewear.

Straighter shoulder lineggreater| ) on thehorizontalplane were observed in 37.5%
of the scan positions when wearin@ tbrototype compared to no shapewear. There were
no significantsample mearmlifferences in a half of the scan positions with gredter
(Mg> 0) observed in P5for the pairs of theommercial shapeweand the prototype

The test results fof and[ indicate that the prototype is effective in straitening
the spine on the sagittal plane and tlshouldes on the horizontal planeith lower
chances®50%) compared to no shapewear and the commercial shapewear conditions.

To sum up, he testresultsshow that there is sufficient evidence to conclude that
wearing the prototype provides instant posture modification effectf fof , and|
for most of the scan positions with lower chand®@$@%) in modifying posture off
and[ at the significancdevel of .10. Table 12 shows a summary of the statistical

analysis for posture modification effects of the prototype.
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Tablel2

Summary oftatistical Analysis fo PostureModification Effects ofPrototype

Number of positions (%)

Pair N7 P Pair Ci P

— Failing to S Failing to

Angle Ha Rejecting Ho reject Ho Rejecting Ho reject Ho
] Mg> 0 7/8 (87.5) 1/8 (12.5) 6/8 (75) 2/8 (25)
] Mg> 0 6/7 (85.7 1/7 (14.3) 717 (100) 0/7 (0)
] Mqg> 0 8/8 (100) 0/8 (0) 8/8 (100) 0/8 (0)

0/7 (0)

] Mq< 0 4/7 (57.1) 3/7 (42.9) 1/7 (14.3Mq> 0) 6/7 (85.7)

[ Mg< 0 4/8 (50) 4/8 (50) 3/8 (37.5) 4/8 (50)

1/8 (12.5Mq> 0)

Although some angk exhibited a lower chance in modifying posture with the
prototype; based on the statistical analysis, wearing the prototype is expected to provide
effects in aligning shoulder and spine posture. Since the sample size is small, the power
of the testds low but theobservation of coherent and consistent posture changes or no
change through a variety etanpostions for each participant should provide sufficient
information on effects of the PMS®ore tests witha larger number of participants

wearing droademrange of size are indicated for future study

Posture Correction Force

Standardlaboratory materials tests were conducted to determine force effects of the
PMSS on modifying posture. Materials elongation test results and reaction of the
materialswhen incorporated into the garment both off the body (flat measured) and on
the body were usei analyzethe posture correction forcé&or statistical analysis, terms

were determinedsée Table 13). The first leter indicateseach part bthe PMSSa, b, c,
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and d.Refer toFigure 20 with designatoralphabets showing each band locati®he
second capital letter means wearing condition: C (commercial shapewear) and P
(protatype). Note that terms were used for posture correction force analysis: cCR which
is part c of the commercial shapewear from right under arm to left side seam around
upper hip, cCL which is part ¢ of the commercial shapewear from left under arm to right
side seam around upper hip, cPR which is part ¢ of the PMSS placed at the right under
arm to left side seam around upper hip on the prototype, and cPL which is part c of the

PMSS placed at the left under arm to right side seam around upper hip on theprototy

Tablel3

Terms forSatistical Analysis forPostureCorrectionForce

Item Commercial shapeweé€) Prototype(P)
Part a aC aP
Part b bC bP
Part c cC cP
Part d dcC dP

The materials testesults showed that thmundsof force of all flexible bandga, b,
and c) on the prototype were greater than the materials otctimemercial shapewear
garmentalone It was also found that there were gregteunds of forceacting on the

body while wearinghe prototypecompared tadhe commercial shapewear.

Pounds ofForced Material Properties

Pounds of forcef each pecimenwerecompared at the same extension levels (0.5, 1,
1.5, and 2 inchesTable 14). The test results showed that theesimens from the

prototype exhibited greatpounds of forceghan the commercial shapewear.
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For the specimens of the prototype, the highest values were found for aP at the same
extension levels. This is because the band aP consists oflagelted fabics including
an elasticbhand and extra fabrics covering tasticband. Since all edges and the center
line of the materials are sewn on the garment fabric, the threads provide extra forces
under tension.

The band bP also showed grpaunds of foce compared to other specimens except
for aPdue tothe multilayered fabrics providing extra forces. Although, the materials of
aP and bP are identical, smalperunds of forcavere exhibited on bP than &lecause of
no sewn parts on the bands.

The bandcP showed the smalleppbunds of forceat the same level of extension
compared to aP and bP sinteonsists of soft and thin fabrics in a bias direction without
theelasticband.

For the specimens of the commercial shapewear, the greatastls of foce were
observed for bC while the smallggiunds of forcavere observed for aC. The shapewear
garment consists of a doudkeyered fabric for the overall back torso (bC, cC, and dC)
except forthe thoracic region (aC) made with a single fabric. Thus, akibged the
smallest force when stretched. Since the materials are identical for bC, cC, and dC, the
directions of stretch caused differences ofdbgreeof pounds of forceFigure30 shows

loads by extension ahaterials.
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Table14

Loads (Id) by Extension oMaterials

Extension C P
(inch) aC bC cC dc aP bP cP
0.5 0.167 0.365 0.372 0.263 2.033 1.731 0.496
1.0 0.263 0.837 0.542 0.495 3.167 2.501 0.710
1.5 0.366 1.455 0.732 0.791 5.159 3.456 0.916
2.0 0.487 2.108 0.929 1.137 8.161 4.693 1.149
—aC
10.0 hC
—cC
——dC
- aP
— bP
8.0 cP
- :
[
S 6o
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Q
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2 40
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Figure 30. Loads by extension of materials

Pounds ofForced PostureCorrectionForce

1) Extension of Materials on the Body

The material test refis showed that the specimen dC providesmall value of
pounds of forceat thechosenextension levels (0.5, 1, 1.5, and 2 inches). However, the
range of extension of the part d on the body (waist circumference) exhibited the largest
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values Table15). The lengthwise parts (a and b) showed small values in extension on the
body. The results from the pairedtéss for band extensioron the body showedo
significant differencesf sample means between tw@aringconditions(p >.10) for all

pairs Figure31shows boxplots for extension of materials on the body.

Tablel5

DescriptiveStatistics ofExtension oMaterials on theBody

C P
Part M (inch) SD (inch) M (inch) SD (inch)
a 0.406 0.338 0.344 0.170
b 0.385 0.714 0.510 0.247
cR 3.469 0.819 3.635 0.534
cL 3.759 0.797 3.834 0.672
d 9.250 1.606 9.469 1.611

Note. The value of part d was calculated by subtracting@d(flat value of the shapewear garment at the
waistline*2) from thevalue ofwaist circumference in each wearing condition.

12.0

9.0+

Extension(inch)

W § & B %

T T T T
aC 13 bC bP cCR PR c¢CL cPL dac dP

Part of materials

Figure 31. Extension of materials on the body
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2) Force of Materials on the Body

The results of pairedtess for posture correction forcen the body showed highly
significantdifferencesof sample mean@q< 0,t <-1.363 andp < .01) for part a, b, and
c (right side and left side respectively) between the commercial shapewear and the
prototype at the signidance level of10 (Table 16). The testresults are consistent with
the resultof the band extension in the above section. Since the extension of the garment
on the body is not different for both shapewear garsjegreaterpounds of forceare
exhibited in the prototype based on the material propeAi#sough, greaterpounds of
force were observed in the prototype, as acknowledgedeast part of the posture
modification is provided by combining compressiorite garmenttself when the bands
areattachedo the garment.

The results from the paireddss for posture correction forcaround the waistline on
the body showed naignificant sample meandifference betweerthe commercial
shapewear and the potype (Mg =-.359, SD = .834t (11) =-1.552, andp = .147). The
test results indicatéhat thepr ot ot ype does oonpresporamund thee gr e a
waistline than the commercial shapeweaFigure 32 shows boplots for force of
materials on the body.

The test results above are consistent with thepaired ttest results for body
circumferences(Table 17). It meansthat the participants exhibited similar waist
circumfaences when wearing each garment. Also no significant sample mean differences
were found in the undéyust and hip circumference®nly the uppethip circumference
showed a highly significant sample mean differebeveenthe commercial shapewear

and theprototype(Mq> 0,t > 1.796 ang < .01) smaller uppethip circumferences were
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foundin the prototypeeompared taghe commercial shapewear. This may be related to the
amount of posture changes and body shape changes while wearing the prototype.
Explanatons and figures showing effects of prototype in improving body shape (mid

torso) are presented in the next section, qualitative evaluation.

Tablel6

Paired T-Test forForce ofMaterials on theBody

Pair M (Ibf) SD (Ibf) t(11) p
Pair 1 aGaP -1.244 0.539 -7.992 0.000
Pair 2 bC-bP -0.980 0.436 -7.792 0.000
Pair 3 cCR-cPR -0.841 0.387 -7.532 0.000
Pair 4 cCL-cPL -1.104 0.959 -3.987 0.001
Pair 5 dC-dpP -0.359 0.834 -1.552 0.147

Note.t <-1.363 are in boldface for paitsto 4.

12.0

6.0

4.0

Loads by extensiofibf)

11
0.0+ % °

T T T T T T T T T T
aC aP bC bP cCR PR cCL cPL dc dP

Part ofmaterials

Figure 32. Force of materials on the body
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Tablel7

Paired T-Test forBody Circumferences (€ P)

(Ci?c'z‘ri?:r'ggce) M (inch) SD (inch) t(11) D
Underbust -0.136 0.321 -1.468 0.170
Waist -0.158 0.662 -0.829 0.425
Uppekhip 0.329 0.150 7.596 0.000
Hip 0.063 0.235 0.934 0.370

Note.Itl values> 1.796 aren boldface

Although no significant sample mean differences of most of body circumferences
between the prototypand the conmercial shapeweavere foundhighly or statistically
significant sample mean differencesq#O0,t > 1.363 ang < .05) were observed from
the comparison of no shapewesard eachshapeweagarment(Table 18). Since more
aligned posture is observed when wearing a shapewear garment compared to no
shapewear, it is assumed that the compresditme shapewear garmanty affect to the

posture changes.

Table18

Paired T-Test forBody Circumferences (N-C and N-P)

Pair NT C Pair NT P
(C?érri?jrlgr?cej (im) (iﬁci) tan - p (im) (i?gn tan
Underbust 0.770 0.438 6.084 0.000 0.634 0.402 5.460 0.000
Waist 0.550 0.794 2.400 0.018 0.392 0.742 1.829 0.048
Uppekrhip 0.392 0.531 2.559 0.014 0.721 0.613 4.072 0.00L
Hip 0.378 0.471 2.778 0.009 0.441 0.341 4.474 0.001

Note.t values > 1.363 are in boldface.

To sum up, greatepounds of forcewere acting on the bodwhen wearingthe
prototype comparedo the commercial shapewear. Thus, it is concluded that greater

pounds of forcef the PMSS may affect greater posture changes as more aligned posture
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was observed for most scan positions while wearing the prototype.

In designing the posture supportndasystem, the supportive band location is
important as much as material properties. Most of all, it is necessary to understand that
the combination of several band elements may have greater effects on posture balance
with greater forces than only one dgsielement (I/T/Y/X bands) based on structural
mechanics. The PMSS was developed according to the principle by combining a few
design elements to provide stronger effects on overall body balance, refer to X, Y, and Z
axes (Figure 33); the horizontal band may provide overall balance of the body by
adjusting the shoulder leveK (and Z axes); the vertical band may providestrong
support for all bands combined with the band by adjusting gbi@e from the
posterior/aterior/lateralview (X, Y, and Z axs); the symmetrical X bands may provale
lower back support by adjusting an imbalanced -taido (Y and Z aes) and
straightening the body. In the comprehensive test, it was proved that the PMSS was
effective in modifyng posture in accordance with the hypotheses in some ways. However,
each imbalanced body part may be affected by all of the bands with different degrees of
force from each band and many variations such as material properties of the garment and
supportivebands, degrees of garment compression, pattern and size of the garment, band
width, band shape, band location, body conditions of participants, garment construction
errors, etc. To investigate more accurate mechanisms and factors affecting posture

changesfurther research and tests need to be conducted.
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Figure 33. Coordinate system and force directionshef PMSS

Qualitative Evaluations

Participants were asked to complete three questionnaires including background
information and wearer acceptability related to their posamébody shapehanges in
the shapewear garment they tried on and were scannaddirfit of eachshapewear

garment

Background Information

In the questionnairdor background informatigrparticipantswere asked to describe
their experience wearing shapewedight out of twelve participants had experience
wearing shapewear. For the participants who had shapewear wearing experience, follow
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up questions were asked about the type of shapewear that dheymultichoice) and

how often they wore shapewear. Miugh and highwaist or cincher type shapewear
garments were worn by 62.5% of participants and 50% of participants had experience
wearing camisole and slip or tank type shapewear garments. Botyseiishapewear
garments were worn by 25% of participants. Most of participants selected multiple items.
All participants answered that they wear a shapewear garment for special occasions only.

The types of shapewear garments that were worn by particgranshiown inmrable19.

Tablel9

Types ofhapeweaiGarmentsPreviouslyWorn byParticipants

Type Frequency Percentage
Mid-thigh 5 62.5
High-waist/cincher 5 62.5
Camisole 4 50
Slip/tank 4 50
Bodysuit 2 25

Participants were asked about the body areas that they would want to change when
wearing a shapewear garment and the six categories were found based upon the
participants answers: l)elow breasts2) domach 3) waist 4) ébdomen 5ove 1l
h a n d, B)di, and 7) highs

As a followrup question, participants were asked how they would want those areas to
change (ex. smaller/larger/slimmer/balanced, etc.). Participants described only two
categories: 1) slimmer and 2) sneall

From the results, it was found that participants wear shapewear to make middle areas

of the body slimmer and smaller.
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Wearer Acceptability

Participants evaluated their posture, body shape and fit of the shapewear garment on
the 3D scansas ®en on the computer scre€fhe scanf participantswearing the
commercial shapewear and the prototype referred to the designata M&@€ and I1ISG
respectively. The mean score of each cate¢eeyen scalgss higher for the prototype

compared to theommercial shapewear.

Posture Changes

A higher mean score of posture changdsle wearingthe prototype was observed
compared to the commercial shapewdab{e20). When comparing the mean scores by
groups, ahigher mean score of posture changes in the prototype was observed for small
and large size groups with a lower mean score for the medium size Giaiip.21

shows comparison of posture changes by groups.

Table20

Comparison oPostureChanges

C P
Rating F P (%) M SD F P (%) M sSD
1((:';2:]3;3)” 2 167 3330 1723 1 83 3583 1564
2 3 25 3 25
3 1 8.3 1 8.3
4 2 16.7 3 25
5 3 25 3 25
6 1 8.3 1 8.3
e o
Total 12 100 12 100

Note. F: Frequency, P (%): Percentage
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Table21

Comparison oPostureChanges bysroups

C P
Size n M SD M SD
S 4 3.500 1.732 4.500 1.732
M 4 4.500 1.732 3.500 1.732
L 4 2.000 .816 2.750 .957

For the operended questiaasking about what differencgzarticipantsnoticed
compared to their posture in each shapewear garment, most (75%) answered that their
back is straightened and shoulder is more balanced wkaring the prototype. Example

statements were as follows:

Al stand taller with more confidence (in
hunching as in my underwear position. o
A(Prototype) made me stand ultgixed myledti ght .

houl der . 0

(7]

A(Posture) appear (s) malanee"(ia thenpnadotype). ma | an
the underwear picture, posture seems tilted to one side (right shoulder is lower) and
ismoreeve i n the shapewear (prototype)o

However,oe partici pant (8.3%) said that the
her posture and two participants (16. 7 %)
support.

In the questionnaire for the commercial shapewear, one participant (8.3%)
commented thegarment made her body more aligned and four participants (33.3%)

described their posture <changes as Asl i gh

shapewear. One participant (8.3%) mentioned better effects of the prototype by saying
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that the shoulderade was less aligned in the commercial shapewear than the prototype.
Some participants (25%) indicate no positive effects of the commercial shapewear

garment on their posture.

Body Shape Changes

A higher mean score of body shape changes in the protetyp®bserved compared
to the commercial shapewedraple 22). When comparing the mean scores by groups, a
higher mean score of posture changes in the prototype was obsertbd dorall size
group with the same @an score for the large size group and a lower mean score for the

medium size grouplable23 shows comparison of body shape changes by groups.

Table22

Comparison oBody ShapeChanges

C P
Rating F P%) M SD F P%) M SD
1((:}\]'2; g;j)” 0 0 4083 1443 0 0 4250 0.965
2 2 16.7 0 0
3 2 16.7 2 16.7
4 4 33.3 4 33.3
5 1 8.3 3 25
6 3 25 1 8.3
St A oo
Total 12 100 12 100

Note. F: Frequency, P (%): Percentage
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Table23

Comparison oBody ShapeChanges bysroups

C P
Size n M SD M SD
S 4 3.500 1.290 4.250 1.258
M 4 5.000 1.154 4.750 .500
L 4 3.750 1.707 3.750 .957

For the operendedquestion about what differencparticipantsnoticed compared to
their body shape in each shapewear garment, participants evaluated their scanned body
focusing on the smoother/slimmer stomach, waist, and hip when wearing the prototype
while slimmer/smalle upper hip and thigh with lifted breastere mentioned for those
wearingthe commercial shapewear. Except for the thigh area exhibiting no changes,
participantcommented thahe shapewear garments posityaffectedtheir body shape.
However, more pari ci pants emphasized fAslighto effe
commercial shapewear; four (33.3%) participants mentioned that the commercial
shapewear i s fAsl i gh somgparts efthéirebody shape whilenone mp r o
participant (8.3%) &i d t hat t he prototype had Asl i
improvement.

Table 24 shows descriptions of body shape changés. major themes were derived
from participantsod pshape ieepch shapeweargaameatrNdte t h e |

that the frequency of the items (body area) for the detailed answers is in the parenthesis

under the fADescriptionsod in the table.
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Table24

Descriptions oBody ShapeChanges

C P
Body area F P (%) Descriptions F P (%) Descriptions
Breast 3 25 Lifted (3) 2 16.7 Lifted (3)
Stomach 5 41.7  Slimmer, smoother (5 6 50 Slimmer, smoother,

flatter (6)
Slimmer, smaller,

Waist 3 25 Slimmer, smaller (3) 5 41.7 ) .
curves on the waist (5
Less fat(2)
Belly 3 25 No change (1) 3 25 Flatter (3)
Upper hip 2 16.7 Smoother (2) 1 8.3 Smoother (1)
Hip 2 16.7  Smaller, smoother (2] 3 25 Smaller, smoother (3)
. Smaller, slimmer (6) Smaller (4)
Thigh ! 58.3 No change (1) 5 al.7 No change (1)
Ovesrr?elllpbeody 16.7 Smoother, less fat (2 2 16.7  Smoother, less fat (2)
Sideline 3 25 Smoother (3) 3 25 Smoother (3)

Note. F: Frequency, P (%): Percentage

Although participants were not aware of significant differences for theirtong
shape changes, it was obg=l from scans in many cases that the overall shape of the
mid-torso was smoother in the prototype compared to the commercial shapewear and
much smoother than no shapewear. Reférable 18. This is a critical inding because
the major purpose of shapewear is to improve body shape by making the form smoother
and thinner to resemble the iddejure. The challenge in developing shapewear with
posture support elements is to not negatively affect body skapee 34 to 36 show
examples of body shape differences for small, medium, and large size participants

respectively.
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No shapewear Commercial shapewear Prototype
a. Example 1

No shapewear Commercial shapewear Prototype
b. Example 2

Figure 34. Examples of body shape differences $mall size
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No shapewear Commercial shapewear Prototype
a. Example 1

No shapewear Commercial shapewear Prototype
b. Example 2

Figure 35. Examples of body shape differences for medium size
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No shapewear Commercial shapewear Prototype
a. Example 1

No shapewear Commercial shpewear Prototype
b. Example 2

Figure 36. Examples obody shape differences flarge size
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Fit Evaluation

A higher mean score of fit of the prototype was observed compared to the commercial

shapewearTable25). When comparing the mean scores by groupsgler mean score

of fit in the prototype wasbserved fothesmall and large size groups with a lower mean

score for the medium size groufable26 shows comparison of fit evaluation by groups.

Table25

Comparison ofit Evaluation

C P
Rating F P (%) M SD F P (%) M SD
1(Not at all 0 0 4083 1505 0 0 4500 1.314
changed)
2 2 16.7 1 8.3
3 3 25 2 16.7
4 2 16.7 2 16.7
5 2 16.7 3 25
6 3 25 3 25
7(Extremely
changed) 0 0 0 0
Total 12 100 12 100
Note. F: Frequency, P (%): Percentage
Table26
Comparison ofit Evaluation byGroups
C P
Size n M SD M SD
S 4 3.500 1.732 5.250 .957
M 4 5.000 .816 4.000 1.154
L 4 3.750 1.707 4.250 1.707

An openended questimasked participant® describe what theyass while wearing

producs that helpeddetermine their level of satisfactioBarticipants evaluated the fit of
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the prototype focusing on tightness and body shape changes while comfort and the body
shape changeseare the main evaluation criteria for the commercial shapewear. Three
participants (25%) evaluated the commercial shapewear as not tight enough to change
their body shape so that the commerci al s I
their body shapesgven participants, 58.3%). While eight participants (66.7%) mentioned

that the prototype provided visible changes to their body shape. However, more
participants commented on comfort of the commercial shapewear ga@menperson

(8.3%) said the prototypwas comfortable while four participants (33.3%) described the
commercial shapewear as comfortable. One participant (8.3%) mentioned the
effectiveness of the prototype in supporting her back by saying that the commercial
shapewear provided less back suppmmpared to the prototypd.able 27 presents
descriptions of fit evaluation of each shapewear garment. The categories are based upon
participantso6 fit evalwuation of

g afchk s h ap e

items for the detailed answers in the pare

Table27

Descriptions ofit Evaluation

C P
Theme F P (%) Descriptions F P (%) Descriptions
i . Tight (2)
Tightness 3 25 Loose, not tight (3) 5 16.7 Not tight (3)
Comfort 4 33.3 Comfortable (4) 1 8.3 Comfortable (1)
Thinness(material 1 8.3 Breatha(bll)e, flexible 1 8.3 Strict (1)
Less changes (7), More changes,
Body shape 8 66.7 slimmed (1) 8 66.7 smoothed (8)
. Easy to wear (1) Easy to wear (1)
Wearability 2 16.7 Hard to wear (1) 2 16.7 Difficult to wear (1)
Back support 1 8.3  Less back support (1 0 0 n/a

Note. F: Frequency, P (%): Percentage
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A final question asked participants to describe other things they like dewedsiout
each shapewear garment. For the prototype, participants addressed that they like the body
shape improvement exhibiting a slimmer and smoother body silhouette and back support
making them stand straight. However, they mentioned the straps ofdtiiodype were
somewhat uncomfortable making the garment difficult to put on and take off. Some

participants disliked the breast fBome &ample statements:

AFit felt right onc e lt ipstantly giirenter with moren . De
confidence. 0

i like that the garment give my back some support. | feel like it forces nstatad
straight (which | like). I dislike that the breast part doesn't cover the whole part of
my bra. o

Al | i ke how it rhdirdneer botét was fighteradmcondbr ¢ afbd ee . 0

For the commercial shapewear, participants commented that they could wear the
shapewear often because of the thin materials providing comfort while they disliked that
the shapewear garment didnot pr owticigaet vi si b
mentioned that she did not like the minimal back support of the commercial shapewear
garment. Some participants said they would prefer a two piece garment instead of the

bodysuit type shapewear. Example statements were as follows:

AVery elhiln,kef esomet hing | would be abl e t
i No change. I | i k ed totype)e becdusef if comanertial d e s i
shapewear) provides | ess back support. o
A(l) would have pr ef pstasephrate pidcerbebqtone ce g a
hal f. o
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To sum up, participants were satisfied with posture and body shape improvements
with the prototype that provides tightness on the body while some participants mentioned
the tightness of the garment caused some discomfort. On tle fwihd, participants
were satisfied with the comfort of the commercial shapewear while some participants
commented that it was less effective in smoothing the body shape because of the thin
materials that were not tight on the body.

Since the commeral shapewear garment was the base garment of the prototype,
there are no differences in thinness and tightness of the garment itself. Participants may
have noticed differences in tightness between the two shapewear garments because the
prototype added basdmade that garment more difficult to don and doff. Likewise, the
thickness of the added bands may have aff
thickness. The construction of the prototype with the additional bands also likely affected
part i dowegrem skincdamfortP a r t i oguaptativeevaluationgndicatethe need

for further refinement of the prototype.

132



CHAPTER FIVE: CONCLUSIONS

This study presents an exploration into the development of a soft support structure
added to a comercial shapewear product with the goal of designing a garment that
comfortably and effectively modifies a wol
ideal balanced posture. The soft support structure was developed by experimenting with
textile elastic batis positioned ira commercial shapewe@armentto mimic structure
and placement of anatomical postural featu
back. The resulting support structure is called fiResture Modification System using
Soft materialst r u ¢ {(AMES).s 0

Threeresearch questions were posed:ChHn the PMSS added #commercially
available shapewear be effective in modifying posti2gDo the PMSS materials
combined with the shapewear prodd&brics provide greater posture correwti force
than the shapewearoduct fabrics alorfeand 3)Will the PMSS added to the shapewear
product be acceptable to wear?

The first research question addressed the effectiveness of the PMSS added to
shapewear in modifying total body posture by analy thebody anglef participants
wearing the garment. Participants were scanned in variotigopessome while carrying
an item. Posture alignment and balance were assessed from theTsear@sults from
the quantitative analysis of posture changleswedthat there is sufficient evidence to
conclude thatwearing the prototype provides posture modification effectsf for[
and [ indicating balanced body alignment for most of the scan positildres.esults
were evident for participas in a standard anatomical gom and n several item

carrying positions Posture changes that more closely match an ideal were noted for
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shouldergmorebalanced on a plane parallel to the fleadignedlateral center of gravity,
andstraigher spine

The second question considered a characteristic of the band materials used for the
PMSS compared to a characteristic of the shapewear fabric 8oueds of forcevere
measured for the PMSS materials and extension of the shapewear fabric was assessed to
det er mi nec aar rpeocsttiutheePM88 The additioralfexertion gfounds of
force of the PMSS positioned at the back of the garment most likely results in a more
erect and balanced posture compared to the overall fabric extension and compmess
the shapewear without PMS#hen wornon the bodyThe combination of several band
elements mimicking body structuresdthe compression from the shapewgarment
provides greaer forces to the body in adjusing the spine from the
posterior/anteridlateralview andimbalancedhoulders.

A garment is not effective if it is not acceptable to the wearer. So, a third question
addressed wearer acceptability (WA) of the shapewear with PM8Sopenended
response questionnaire was used to assess@W@. i t ati ve anal ysis
responses indicated thparticipants were more satisfied with their posture and body
shape with the prototype combined with the PMSS than when wearing their own
underwear or while wearing the shapewear without PMSSiciparits were also more
satisfied with the fit of the prototype compared to the commercial shapeM@aever,
some participants indicated that the prototype was difficuttolo and doffoecause the
band structures were tightaking the garmerifficult to manipulate.

Resultscould lead to more inveni use of fabric structures shapewear garments

essentially addingirectionalforces while streardining the shapes and placement of the
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textile elements. Experimentation with materials of differaxgensibility andpounds of
force could result in a more comfortable garment while maintaining the desired postural
effects.

Beyond theanswers for eachesearch question, the larger questicas posedhow
does the garment work to affect posture charfige?PMSS was developed by combining
selecteddesign elements an attempto affect overall body balancedn attempting to
answer the question, why does the PMSS added to shapewear inadyfypostue?,
theseprinciplesare proposedsée Figure 37)

1) T-shape bandsThe horizontal bandhody straightening effectely on the band
anchoringto thearmscye seams which encircle the entire arm thus providing support to
the band beyond the back torso sedihe verticalband attaches tahe centerback
neckine seamandto the center back waistline seam. The effect of this band is to axert
vertical force along the spine. It does not act inddpatly but also relies canchoring
of the band to theircumference compressiaf the shapewear garmemlthough te
banddoesnot extend to the crotdhseam intersectignn effect itanchos at the crotch
seamproviding additional support and alignmeAin upper torso garment (neckline to
waistline) with the PMSS feature would not be effective in aligning postuneuch as
garment with coverage from torso to the crotch

2) X-shape bandsThe theory in applying these design elements was to provide
lateral alignment of the body.he bandsattachat the upper sideseams near the lower
armscyeand to the lower sidesamsjust abovethe upper hign the oppositedirection
The apparent effect is foull equally on the left and right side of tpesterior torsdo

achieve lateral alignment
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3) Garment compressiomhe PMSSfeaturecannot function independently modify
posture,but must be anchored to a shapewaanpressiorgarmentwhich encircles the
body. By being incorporated to acompresn garment, the bands caxert directional

force to the bodypeyond overall compression

<—> Force direction
¥_Y Compression

No shépewear Commercial shapewear Proiotype

Figure 37. Principles of PMSSand compression shapeweasrking on the body

The principles stated above providelausible explanation of the physical effects of
the PMSS orposture However,the complex and interconnected factors of body posture
and a garment @rn on the body are acknowledguloughout the studyThere nay be
someother factors affecting the posture changssserved in this studylhe orderthe
participantswore the garmentgould affectthe degree of posture changhkse tomuscle
training effects. Fatigue could affect posture as the participants were asked to wear
several garments and stand in several poses throughout thePstttoypating in awvear
testcould affecta participanés desire to appear in a more positive way possibly affecting
posture.The very nature of being scanned in a boglyealing garment can affect how a
person stands during the proceBsirther research to investigate more accueatd

reliablemechanism and factors affecting posture changes are indicated.
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The PMSS isnot intended as therapy for medical conditions or as a-tknmg
solution to less than ideal posture, but as a possible additmontpressiorgarmens or
shapeweafor postureand body shapenodification effects. The commercial success of
shapewear prattts in the readyo-wear lingerie category encourages further exploration
in improving these types of products. Results of this study show the potential of
developing the PMSS for use beyond the lingerie category. More aligned and balanced
postures exhilbed by participants wearing the shapewglas the PMS while carrying
items indicatepotential in developing se#itructured posture support garments for foad
bearing situations in industrial and military settings.

The next steps are to examine vada$i and applications of sedtructural support
garments based on the design concepts presented in this thesis. Variations to the initial
design are disclosed in the US NBrovisional Patent ApplicatioNo. 14/924,261
Posture Improvement Shapewear Gartreamd SysteniLyu, 2015). Beyond the product
detailed in the patent, further research is indicated for use situations where balanced and
aligned posture is importarib addition other types of directional force materials may be
used instead of a textileabd systemSophisticated, detailed knit structuring using the
inherent directional forces @lastomeridibers and varying loop structures incorporated
into a standard compression garment could replicate effects of the bands while providing
a lighterweight less bulky garment. Developments in smart materials and structures also
open new possibilities for using active materials that will respond and adjust to an

individual 6s posture needs and changes.

137



BIBLIOGRAPHY

Akel, 1., Pekmezci, M., Hayran, M., GenY., Kocak, O., Derman, O., ... & Yazici, M.
(2008). Evaluation of shoulder balance in the normal adolescent population and
its correlation with radiological parameteEsiropean Spine Journal, (3), 348
354.

Ashdown, S. R& Na, H. (2008). Comparan of 3D body scan data to quantify upper
bodypostural variation in older and younger womeétothing and Textiles
Research Journak6(4), 292307.

Asher, M., Lai, S. M., Burton, D., & Manna, B. (2004). The influence of spine and trunk
deformityonp eoper ati ve i di opat helatedgsatitpdf i osi s
life questionnaire responsdde Spine Journal, Z9), 861868.

Aspan, R, & Stark, S (2006).The lingerie handboolNew York, NY: Workman
PublishingCompany.

Aubin, C. E., Labelle., Ruszkowski, A., Petit, Y., Gignac, D., Joncas, J., & Dansereau,
J. (1999). Variability of strap tension in brace treatment for adolescent idiopathic
scoliosis.Spine 24(4), 349354.

Bazzarelli, M., Durdle, N., Lou, E., & Raso, J. (2001, May). A [mwer portable
electromagnetic posture monitoring system [for scoliosis treatment].
Proceedings of the 18th IEEHungary Vol 1. (pp.619-623).

Belli, J. F. C., Chaves, T. C., De Oliveira, A. S., & Grossi, D. B. (2009). Analysis of
body posture in chdren with mild to moderate asthniauropean journal of
pediatrics, 16810), 12071216.

Birbaumer, N., Flor, H., Cevey, B., Dworkin, B., & Miller, N. E. (1994). Behavioral
treatment of scoliosis and kyphosisurnal ofPsychosomati®Research, 3@),
623-628.

Black, C, & Cloud, R. (2008). Assessing functional clothing needs of bicycle patrol
officers.InternationalJournal of Fashion Desigi,echnology and Education, 1,
3542.

Briedenhann, D. (2004)mplementation of an eHeason training programnte enhance
throwing performance in high school athleté3octoral dissertationfshwane
University of Technology). [Electronic version]. Retrieved MarchZIm8, from
http://libserv5.tut.ac.za:7780/pls/eres/wpg_docload.download_file?p_filename=F
43693 584/briedenhann.pdf

Bye, E., LaBat, K., McKinney, E., & Kim, D. E. (2008). Optimized pattern
grading.International Journal of Clothing Science and TechnoJ@f¥2), 7992.

138



Chan, A. P.& Fan, J. (2002). Effect of clothing pressure on the tightnessatien of
girdles.International Journal of Clothing Science and Technology214.00
110.

Chapman, W. L., Bahill, A. T., & Wymore, A. W. (1998ngineering modeling and
designBoca Raton, FL: CRC Press.

Chaudhuri, S. (2013Hanes to Buy Maideofm for $575 Million.Deal Unites Two
Makers of Intimate Apparel, a 'Natural Fithe Wall Street JournaRetrieved
April 26, 2016 from
http://www.wsj.com/articles/SB100014241278873236107045786254525826201
88.

Chen, C. M., LaBat, K., & Bye, E. (201®hysical characteristics related to bra
fit. Ergonomics53(4), 514524.

Chen, D., Liu, H., Zhang, Q., & Wang, H. (2013). Effects of mechanical properties of
fabrics on clothing pressuré.r z e gl Nd EI| e k(ib), 232285 hni czny,

Chen, Z. G. (2011)T'he Measurement and Analysis of Clothing Presshdeanced
Materials Research, 3321761179

Choi, S, & Ashdown, S(2011). 3d body scan analysis of dimensional change in lower
body measurements for active body positidrextile Research Journal @),
81i 93.

Chow, D. H., Kwok, M. L., Cheng, J. C., Lao, M. L., Holmes, A. D.;¥ang, A, ... &
Wong, M. S. (2006). The effect of backpack weight on the standing posture and
balance of schoolgirls with adolescent idiopathic scoliosis and normablsontr
Gait & Posture, 242), 173181.

Chrisler, J. C. (2013). Womanhood is not as easy as it seems: Femininity requires both
achievement and restraiftsychology oMen andMasculinity. 142), 117120.

Cobb, J. R. (1948). Outline for the study of sca$iol Instructional Course Lectures,
The American Academy of Orthopaedic Surgebrz61-275.

Danielsson, A. J., Romberg, K., & Nachemson, A. L. (2006). Spinal range of motion,
muscle endurance, and back pain and function at least 20 years after dusio
brace treatment for adolescent idiopathic scoliosis: aaasteol study Spine,
31(3), 275283.

DeJonge, J. O. (1984). Forward: the design process. In S. M. WatkinsQBth)ng:

DelLong, M. R. (198). The way we look: Dress and aesthetddsw York, NY: Fairchild.

De Rossi, D., Carpi, F., Lorussi, F., Mazzoldi, A., Paradiso, R., Scilingo, E. P., &
Tognetti, A. (2003). Electroactive fabrics and wearable biomangor
devicesAUTEX Research Journad(4), 180185.

139



Dixon, J. R. (1966)Design engineering: Inventiveness, analysis and decision making.
New York, NY: McGraw-Hill.

Dolan, L. A, & Weinstein, S. L. (2007). Surgical rates after observation and bracing for
adolescent idiopathic scoliosis: an evidebesed reviewSpine, 3219), 9t
100.

Douty, H. I. (1954). Objective figure analysimurnal of Home Economics, @9, 24 26.

Douty, H. I. (1968a). Visual somatometry in health related resedwamal of Ahbama
Academy of Science, @9, 21-24.

Douty, H. I. (1968). Silhouette photography for the study of visual somatometry and
body imageNational Textile and Clothing Meeting, Minneapol4N.

Douty, H.I. (1968c).Visual somatotmetrA basic research ntleod for analysis of gross
characteristics of the human organisRaper pesentedtthe American Home
EconomicsAssociationConvention Research Station, MinneapolisNV

Dunne, L. E., Walsh, P., Hermann, S., Smyth, B., & Caulfield, B. (2008). Wearable
monitoring of seated spinal postulEEE Transactions on Biomedical Circuits
and Systems(2), 97105.

Dworkin, B., Miller, N. E., Dworkin, S., Birbaumer, N., Brines, M. L., Jonas, S., ... &
Graham, J. J. (198%ehavioral method for the treatmentidibpathic scoliosis.
Proceedings of thBlational Academy of Sciencé#ol 82. (pp.24932497).

Edmison, J., Jones, M., Nakad, Z., & Matrtin, T. (200®ing piezoelectric materials for
wearable electronic textile®roceedings of the 6th Internation@ymposium on
Wearable ComputersJSA

Eisenstein, S. (1976). Measurements of the lumbar spinal canal in 2 racial groups.
Clinical Orthopaedics and RelatedRresearch, 11542-46.

Engh, L., Fall, M., Hennig, M., & Stderlund, A. (2003). Intnad intefrate reliability of
goniometric method of measuring head postig/siotherapy Theory and
Practice, 193), 175182.

Entwistle, J. (2000)The Fashioned Body: FashigRress and Modern Social Theory
Malden, MA: Polity press.

Fan, J.& Chan, A. P. (2005)Prediction of girdle's pressure on human body from the
pressure measurement on a dumingernational durnal of Clothing Science
andTechnology17(1), 6-12.

Farringdon, J., Moore, A. J., Tilobury, N., Church, J., & Biemond, P. D. (1999, October).
Weamble sensor badge and sensor jacket for context awaréhesthird
International Symposium on Wearable Computers, San Francisco, California
107113

140



Fedorak, C., Ashworth, N., Marshall, J., & Paull, H. (2003). Reliability of the visual
assessment @kervical and lumbar lordosis: how good are w&ine, 2816),
18571859.

Fisher, S.V. (1990)Spinal orthosedn Kottke, F.J. & Lehmann, J.Hthe d . ) . Kr usen:¢
Handbook of Physical Medicine and Rehabilitation. Philade|f#aW.B.
SaundeCompany Harkcourt Brace Jovanovich,. 893601

Fortin, C., Feldman, D. E., Cheriet, F., & Labelle, H. (2010). Validity of a quantitative
clinical measurement tool of trunk posture in idiopathic scoli@pse, 3§19),
E988E994.

Francis, P. (1999Appliedanatomy and kinesiolog$upplemental materialkB Books
19-25.

Fraser, L. (2009). The inner corset: A brief history of fat in the United STte&at
Sudies Reader,11-14.

FronteraW. R, Silver,J. K.,& Rizzo, T.D. (2008) Essentials of physicahedicine and
rehabilitation Musculoskeletal disorders, pain, and rehabilitati®hiladelphia,
PA: Saunders.

Gatward, N. (2007). Anorexia nervosa: An evolutionary puZleopean Eating
Disorders Review, 1%), 1-12.

Giele, H. P., Liddiard, K., Cuie, K., & Wood, F. M. (1997). Direct measurement of
cutaneous pressures generated by pressure garBermts.23(2), 137141.

Gilbert, P., Price, J., & Allan, S. (1995). Social comparison, social attractiveness and
evolution: How might they be related?ew Ideas in Psycholog¥3(2), 149165.

Gil man, S. L. (2014). nAStand Up Humabi ght o:
of Medical Humanities35(1), 5783.

Goh, S., Price, R. I., Leedman, P. J., & Singer, K. P. (1999). Rasterstereographis analys
of the thoracic sagittal curvature: a reliability studigurnal of Musculoskeletal
Research, @), 137142.

Gordon, C. C., Churchill, T., Clauser, C. E., Bradtmiller, B., & McConville, J. T.
(1989).Anthropometric survey of US army personnel: methentd summary
statistics 1988Retrieved from
file:///C:/Users/Administrator/Downloads/ADA225094.pdf.

Gupta, D. (2011). Design and engineering of functional clothimtgan Journal of Fibre
andTextile Research, 36), 327.

Gupta, D., & Zakaria, N. (@s.). (2014)Anthropometryapparel sizing and design.
Waltham, MA: Woodhead Publishing

141



Gwosdow, A. R., Stevens, J. C., Berglund, L. G., & Stolwijk, J. A. J. (1986). Skin
friction and fabric sensations in neutral and warm environm€&aktile
Researh Journal 56(9), 574580.

Harman, E., Hoon, K., Frykman, P., & Pandorf, C. (200@g effects of backpack
weight on the biomechanics of load carrigyew. USARIEM-TO0-17).
Retrievedirom
file:///C:/Users/Administrator/Downloads/ADA377886%20(1).pdf.

Harries, C. A.& Pegg, S. P. (1989). Measuring pressure under burns pressure garments
using the oxford pressure monit&urns 15(3), 187189.

Hart, D. L, & Rose, S. J. (1986). Reliability of a noninvasive method for measuring the
lumbar curve*Journd of Orthopaedic & Sports Physical Therapy4g 180
184.

Harumi M., Miyuki, N., Hideg M., & Kiyokazu, K. (2001). Effects bclothing pressure
exerted ora trunk on heart rate, blood pressure, skin blood flow and respiratory
function.Journal of theTextile Machinery Society of Japas¥(2), 57-62.

Hickey, E. R., Rondeau, M. J., Corrente, J. R., Abysalh, J., & Seymour, C. J. (2000).
Reliability of the cervical range of motion (CROM) device and pltimé
techniques in measuring resting head pogfkP).Journal of Manual &
Manipulative Therapy,@), 1017.

Horn, M. J, & Gurel, L. M. (1981).The second ski¢8rd ed.) Boston.MA: Houghton
Mifflin Company

Huck, J., Maganga, O., & Kim, Y. (1997). Protective overalls: evaluation of garment
design and fit. International Journal of Clothing Science and Technolog@¥),9
45-61.

Hutchinson, R.& Munden, D.L.(1978. The geometrical requirements of patterns for
womends gar ments t o a Clothieg\Reseasch Jourrsalf act or
6(2), 63i 88.

Hutton, G., Bayley, M., Broadhead, M., & Knox, A. (2002). Shape analysis for apparel
applications and methodBroceedings of thBlumerisation 30D5canning,
France.

Ireland, R. D., Hoskisson, R. E., & Hitt, M. A. (2018}trategic Management: Condsp
Competitiveness and Globalizatidtanford, CT: Cengage Learning.

Jackson, R. P., Kanemura, T., Kawakami, N., & Hales, C. (2000). Lumbopelvic lordosis
andpelvic balance on repeated standing lateral radiographs of adult volunteers
and untreated piaints with constant low back paifihe Spine Journal, Z5),

575586.

Jones, N.& Guilbault, L. (2014, January 27phapewear stands olRetrieved from
http://www.magiconline.com/news/shapewstandsout.

142



Kendall, F. P., McCreary, E. K., Provance@, Rodgers, M. M., & Romani, W. A.
(2005).Muscles: Testing and function with posture and ¢&th ed.). Baltimore,
MD: Lippincott Williams & Wilkins.

Kenins, P. (1994). Influence of fiber type and moisture on measured-faiskm
friction. Textile Research Journgb4(12), 722728.

Knight, J. F., Bristow, H. W., Anastopoulou, S., Baber, C., Schwirtz, A., & Arvanitis, T.
N. (2007).Uses of accelerometer data collected from a wearable
systemPersonal and Ubiquitous Computintfl(2), 117132.

Koberg, D, & Bagnall, J. (1981)The universal traveler: A seflystems approach to
creativity, problem solving and the process of reaching ghalst Altos, CA:
William Kaufmann.

Kouwenhoven, J. W. M., & Castelein, R. M. (2008). The pathogenesis of esluies
idiopathic scoliosis: review of the literaturgpine, 3@6), 28982908.

Kraemer, W. J., Bush, J. A., TriplétcBride, N. T., Koziris, L. P., Mangino, L. C., Fry,
A.C., ... & Gomez, A. L. (1998). Compression Garments: Influence on Muscle
Fatigue The Journal of Strength & Conditioning Research4)2211215.

Kraemer, W. J., Bush, J. A., Wickham, R. B., Denegar, C. R., Gomez, A. L., Gotshalk, L.
A., ... & Sebastianelli, W. J. (2081 Continuous compression as an effective
therapeutic interveion in treating eccentriexerciseinduced muscle soreness.
Journal of Sport Rehabilitation, {D), 11-23.

Kraemer, W. J., Bush, J. A., Wickham, R. B., Denegar, C. R., GOmez, A. L., Gotshalk, L.
A., ... & Sebastianelli, W. J. (20D Influence of comm@ssion therapy on
symptoms following soft tissue injury from maximal eccentric exerdisernal
of Orthopaedic & Sports Physical Therapy (@)l 282290.

Kraemer, W. J., Flanagan, S. D., Comstock, B. A., Fragala, M. S., Earp, J. E=, Dunn
Lewis, C., ..& Powell, M. D. (2010). Effects of a whole body compression
garment on markers of recovery after a heavy resistance workout in men and
women.The Journal of Strength & Conditioning Research324804814.

Kraemer, W. J., Volek, J. S., Bush, J. A., §hatlk, L. A., Wagner, P. R., Gomez, A. L., ...
& Selle, B. J. (2000). Influence of compression hosiery on physiological
responses to standing fatigue in wonmedicine and Science in Sports and
Exercise, 3211), 18491858.

LaBat, K. L. L. (1987)Consuner satisfaction/dissatisfaction with the fit of ready
wear clothing(Doctoral dissertation, University of Minnesota).

LaBat, K. L., & DeLong, M. R. (1990). Body cathexis and satisfaction with fit of
apparelClothing and Textiles Research JourtR), 4348.

143



LaBat, K. L., & Sokolowski, S. L. (1999). A threstage design process applied to an
industryuniversity textile product design proje€lothing and Textiles Research
Journal, 171), 1120.

Lafond, D., Descarreaux, M., Normand, M. C., & Hson, D. E. (2007). Postural
development in school children: a cresstional studyChiropractic & Manual
Therapies, 18), 1.

Lee, M. J. (2012). Theses: Basic Research on the Development of Skinny Jean Pants for
Korean Women in Their 20s#ournal ofFashion Business, (&), 1660173.

Lee, S. W., & Mase, K. (2002). Activity and location recognition using wearable sensors.
IEEE PervasiveComputing, 13), 2432.

Lee, Y. A., Hyun, K. J., & Tokura, H. (2000). The effects of skin pressure by clothing on
circadian rhythms of core temperature and salivary melat@hironobiology
International, 176), 783793.

Leech, D. J. (1972 Management of engineering desigondon England Wiley & Sons.

Leung, W. Y., Yuen, D. W., Ng, S. P., & Shi, S. Q. (2010). Rresprediction model for
compression garment desiglournal of Burn Care & ResearcB1(5), 716727.

Lewis, J. S., & Valentine, R. E. (2007). The pectoralis minor length test: a study of the
intracrater reliability and diagnostic accuracy in subjectsand without
shoulder symptom8MC MusculoskeletaDisorders, §1), 64.

Lewis, W. P., & Samuel, A. E. (198%undamentals of engineering desifjew York,
NY: Prentice Hall.

Li, J. X,, & Hong, Y. (2004). Age difference in trunk kinematics during wadkwith
different backpack weights in 8o 12yearold children.Research in Sports
Medicine, 2(2), 135142.

Li, L., & Weiyuan, Z. (2007, August). Using 3D Body Scans for Shaping Effects Testing
Developed by Foundation Garme8th International Cordrence on Electronic
Measurement & Instrument€hina

Li, Y. (2001). The science of clothing comfofextileProgress, 311-2), 1-135.

Lissoni, A., Caimmi, M., Rossini, M., & Terenghi, L. (2001). Thaemensional analysis
of the sitting posturezuropean Journal of Physical and Rehabilitation Medicine,
37(2), 101.

Liu, H., Chen, D., Wei, Q., & Pan, R. (2013). An investigation into the bust girth range of
pressure comfort garment based on elastic sportsdeeshal ofthe Textile
Institute, 1042), 223230.

144



Loguidice, V., Mahoney, C. B., Haldeman, J., & Andersson, G. B. (2005). Clinical
experience with a pneumatic vastloading the spine in the upright
posture Journal of Musculoskeletal Resear&(R2), 6569.

Lou, E., Lam, G. C., Hill, D. L., &/ong, M. S. (2012). Development of a smart garment
to reduce kyphosis during daily livinlyledical & Biological Engineering &
Computing 50(11), 11471154.

Loukos, 1., Zachariou, C., Nicolopoulos, C., Korres, D., & Efstathopoulos, N. (2011).
Analysis d the corrective forces exerted by a dynamic derotation brace
(DDB). Prosthetics andOrthoticsInternationa) 354), 365372.

Lusskin R. ,& Berger,N. (1975).Prescriptionprinciples.In: Atlas of orthotics:
Biomechanicaprinciples and application. Aenican Academy oDrthopedic
SurgeonsSt Louis: Mosby Cmpany 370372 .

Lyu, S. (2015). U.S.Non-Provisional Patent Application Nd.4/924,261.Washington, DC:
U.S. Patent and Trademark Office.

Macintyre, L, & Baird, M. (2006). Pressure garments foe urs the treatment of
hypertrophic scarfs a review of the problems associated with their Bsens,
32(1), 1015.

Mahaudens, P., Thonnard, J. L., & Detrembleur, C. (2005). Influence of structural pelvic
disorders during standing and walking in adoletarith idiopathic scoliosis.
The Spine Journal,(8), 427433.

Mann, R., Yeong, E. K., Moore, M. L., & Engrav, L. H. (1997). A new tool to measure
pressure under burn garmertsurnal of Burn Care & Research8(2), 159163.

Mathie, M. J., Coster, A. CLovell, N. H., & Celler, B. G. (2004). Accelerometry:
providing an integrated, practical method for leéegn, ambulatory monitoring
of human movemenBhysiologicalMeasuremen5(2), 1-20.

Mattmann, C., Amft, O., Harms, H., Troster, G., & Cleméng2007, October).
Recognizing upper body postures using textile strain ser@®3. 11th IEEE
International Symposiuran Wearable Computer8oston, MA

McEvoy, M. P., & Grimmer, K. (2005). Reliability of upright posture measurements in
primary schobchildren.BMC MusculoskeletabDisorders 6(1), 35.

McRoberts, L. B. (2008)The design and assessment of a soft structural prototype for
postural alignmen{Doctoral dissertation. Florida State Univerkity

McRoberts, L. B., Black, C. M., & Cloud, R. .M2015). Evaluation of a Prototype Soft
Structured Thoracic Posture Support Garméfdthing and Textiles Research
Journal, 34(2), 143158

145



McRoberts, L. B., Cloud, R. M., & Black, C. M. (2013). Evaluation of the New York
Posture Rating Chart for asseng changes in postural alignment in a garment
study.Clothing and Textiles Research Jourzl(2), 81-96.

Medland, A. J. (1992)The computebased design proceédnd ed.). LondofEngland
Kogan Page

Merkel, R. S. (1991)Textile product servicdality. Englewood Cliffs, NJ: Prentice Hall
Middendorf, W. H. (1969)Engineering desigBoston MA: Allyn and Bacon.

Million, R., Nilsen, K. H., Jayson, M. |., & Baker, R. D. (1981). Evaluation of low back
pain and assessment of lumbar corsets withnatibut back support#Annals of
the Rheumatic Disease®)5), 449454.

Miyatsuji, A., Matsumoto, T., Mitarai, S., Kotabe, T., Takeshima, T., & Watanuki, S.
(2002). Effects of clothing pressure caused by different types of brassieres on
autonomic nerous system activity evaluated by heart rate variability power
spectral analysislournal ofPhysiologicalAnthropology andApplied Human
Science, 211), 6774.

Morooka, H., Fukuda, R., Nakahashi, M., Morooka, H., & Sasaki, H. (2005). Clothing
pressureand wear feeling at undéust part on a pushp type brassier& e n 0 i
Gakkaishi, 612), 53 58.

Nam, J. H., & Branson, D. H. (2012). Clothing textiles: Arm armor system performance
study; net effect (perceptuadsponse) analysigiternational Journabf Human
Ecology, 13117 128.

New York State Education Department (Division of Health, Physical Education and
Recreation)1958, The New York Physical Fitness Test: A Manual for Teachers
of PE.New York, USA.

Ng-Yip, F. S. (1993). Medical clothing:tatorial paper on pressure garments.
InternationalJournal of Clothing Science and Technologil,)517-24.

Norkin, C.C., & Levangie, PM. (1992).Joint Structure and FunctioA
ComprehensivAnalysis(2nd ed) (p. 420).PhiladelphiaPA: F.A. Davis.

Normand, M. C., Descarreaux, M., Harrison, D. D., Harrison, D. E., Perron, D. L.,
Ferrantelli, J. R., & Janik, T. J. (2007). Three dimensional evaluation of posture
in standing with the PosturePrint: an irénad interexaminer reliability study.
Chiropractic & Manual Therapies, 1%), 15.

O6Brien, R., & Whbheelntéosn ,meVdl.s u(r1e9mleln)t.s f or
construction(Miscellaneous Publication No. 454) Washington, DC: U.S.
Government Printing Office.

146



Perry, M., Smith, A., Straker, L., Gonan, J., & O'sullivan, P. (2008). Reliability of
sagittal photographic spinal posture assessment in adolegsgvaisices in
Physiotherapyl((2), 6675.

Petrova, A.& Ashdown, S(2008. Threedimensional body scan data analy§lfthing
andTextiles Research Journ®6(3), 221 252.

Pham, V. M., Houilliez, A., Schill, A., Carpentier, A., Herbaux, B., & Thevenon, A.
(2008). Study of the pressures applied by a Chéneau brace for correction of
adolescent idiopathic scoliosRrosthetics andrthotics International 32(3),
345-355.

Pithers, T. (2010 ShapewearforMenii | t 6 sr dbe, adg@® aeguyeved
August20,2014, fom http://styleforsuccess.com/blog/shapeweamen/

Pownall, P. J., Moran, R. W., & Stewart, A. M. (2008). Coesisy of standing and
seated posture of asymptomatic male adults over aweek interval: A digital
camera analysis of multiple landmark#ternational Journal of Osteopathic
Medicine, 112), 4351.

Rasband, J. (2006fabulous Fi. New York NY: Farchild Publication.
Rhodes, M. (1996). Back in balant®®0 men6s Spo,18 448 Fi tness

Rubin, A. (2012)Statistics for evidenekased practice and evaluatioBelmont, CA:
Cengage Learning.

RutherfordBlack, C, & Khan, S. (1995). Texas Tech polibgycle patrol: Encounter
with a uniform.Campus Law Enforcement Journag(1), 26:28.

Saladin, K. S., & McFarland, R. K. (2008juman anatomy2nd ed) New York, NY:
McGraw-Hill.

Salleh, M. N., Acar, M., & Burns, N. D. (2011, ApriBressure distribtion model for
pressure garments and its verificatidnternational Conference on Modeling,
Simulation and Applied Optimizatioiuala Lumpur, Malaysia

Silver, T., Fortenbaugh, D., & Williams, R. (2009). Effects of the bench@hisagittal
bar pah. The Journal of Strength & Conditioning Resear2B(4), 11251128.

Slater, K. (1985)Human comfortSpringfield IL: Charles C. Thomas

Smith, A., O'Sullivan, P., & Straker, L. (2008). Classification of sagittal theltaobo
pelvic alignment of thadolescent spine in standing and its relationship to low
back painSpine, 3819), 21012107.

Sone, Y., Kato, N., Kojima, Y., Takasu, N., & Tokura, H. (2000). Effects of skin pressure
by clothing on digestion and orocecal transit time of falmirnal d
PhysiologicalAnthropology andApplied HumanScience, 13), 157163.

147



Sook Cho, Y., Komatsu, T., Takatera, M., Inui, S., Shimizu, Y., & Park, H. (2006).
Posture and depth adjustable 3D body model for individual pattern making
InternationalJournal ofClothing Science andlrechnology, 1), 96107.

Sprigle, S., Flinn, N., Wootten, M., & McCorry, S. (2003). Development and testing of a
pelvic goniometer designed to measure pelvic tilt and hip fletnical
Biomechanics, 1®), 462465.

Sprigle, S, Wootten, M., Bresler, M., & Flinn, N. (2002). Development of a noninvasive
measure of pelvic and hip angles in seated posuchives oPhysical
Medicineand Rehabilitation, 8311), 15971602.

Steele, V. (2001)The corset: A cultural historlNew Haven, CT: Yale University
Press.

Straker, L., Burgeskimerick, R., Pollock, C., Murray, K., Netto, K., Coleman, J., &
Skoss, R. (2008). The impact of computer display height and desk design on 3D
posture during information technology work by youngleeddournal of
Electromyography an&inesiology, 18), 336349.

Sypeck, M. F., Gray, J. J., Etu, S. F., Ahrens, A. H., Mosimann, J. E., & Wiseman, C. V.
(2006). Cultural representations of thinness in women, redux: Playboy
magazine's depiction of begufrom 1979 to 1999Body Image, @), 229235.

Tarafder, N, & Chatterjee, S.M. (1994). Techniques of measurement of fabric comfort.
TextileTrends India, 3{), 33-39.

Tate, S., & Shafer, M. (1982)he complete book of fashion illustratidfew York,NY:
Harper & Row.

Tognetti, A., Lorussi, F., Bartalesi, R., Quaglini, S., Tesconi, M., Zupone, G., & De Rossi,
D. (2005). Wearable kinesthetic system for capturing and classifying upper limb
gesture in posstroke rehabilitationJournal of NeuroEnginesg and
Rehabilitation 2(1), 8.

Tarker, K. S. (1993). Electromyography: some methodological problems and
issuesPhysical Therapy73(10), 698710.

Yu, W, Fan, J. T., & Qian, X. M. (2004). A soft mannequin for the evaluation of
pressure garments onman bodySen.iGakkaishj 60(2), 5764.

Van den Hout, J. A. A. M., Van Rhijn, L., Van den Munckhof, R., & Van Ooy, A. (2002).
Interface corrective force measurements in Boston brace treattoeopean
Spine Journall1(4), 332335.

Verbeek, M. (2008)A guide to modern econometri@&d ed.) West Sussex, England:
John Wiley & Sons.

148



Vincent, J. F., Bogatyreva, O. A., Bogatyrev, N. R., Bowyer, A., & Pahl, A. K. (2006).
Biomimetics: its practice and theodournal of the Royal Society Interfa&§9),
471-482.

Wang, Y. J., Mok, P. Y., Li, Y., & Kwok, L. (2010Analysis of lower limb
measurements in running progress for hgdgrformance slacks desigim W.
Karwowski, & G. Salvendy (Eds.;dvances in Human Factors, Ergonomics,
and Safety in Manufduring and Service Industriggp.210-221). Florida, FL:
CRC Press.

Watkins, S. M. (1988). Using the design process to teach functional apparel design.
Clothing and Textiles Research Journgtl)7 10-14.

Western, J. W., Rhodes, J., & Stevenson, Kecé@nber 2002). Tips for avoiding neck
pain.Welding Journal81(12), 3639.

Wong W. Y., & Wong M. S. (2008) Smart garment for trunk posture monitoring: a
preliminarystudy.Scoliosis 3(7), 1748 1761.

Zhang, X., Yeung, K. W., & Li, Y. (2002). Numericsimulation of 3D dynamic garment
pressureTextile Research Journal2(3), 245252.

149



Appendix A. Posture Correctors Currently onthe Market

1. URgreat®. Retrieved November 19, 2014, from http://www.ebay.com/itrefépy
Back-PostureCorrectorShoulderSupporiBrace StraighteneBlack-360-
/281131015961.

The garmenthas a waist band whichprovides support for the abdominals and
straightens the backnd plling belt which balances the vertebrae pushing them back in
to their natural position, throws chest forward, pulls back into a straighter paeittbn
shoulderstraps whichdraw shoulders back correcting 'desk slump' otherwise known as
upper cross syndromBonstretchable and elastic materials are used together.

2. Mabis DMI ®. Retrieved November 19, 2014, from

http://www.metromedicalonline.com/dmi632622.html#.VG10ved G

The deviceclaims that itis designed to restore posture and reduce back strain. It is
made with reinforced, crisscrogX-shape)foam bands for back suppoithe fabric of
this posture brace is cotton and Ly®ralend and the hook and loop (Vel@&padjusts

for a custom fit.

3. Tonus elas®. Retrieved November 19, 2014, from
http://www.ebay.com/itm/Medicdlower-BackPosturecorrectorwith-rigid-
inserts/261600976317?_trksid=p2047675.c100009.m1982& _trkparms=aid%3D7770
00%26algo%3DABA.MBE%26a0%3D1%26asc%3D27538%26meid%3D7{7512284
9464214aaff0d4c2ba25320%26pid%3D100009%26prg%3D11353%26rk%3D1%26r
kt%3D4%26.

It is a medical lower back posture corrector with stiff itssdéor prevention and
elimination of fault in posture and spinal curvature. It is recommended for correction and
acquiring skills in maintaining normal physiological posture. Composition of raw
materials:30% polyester,25% polyurethane foam20% latex 15% cotton, 10% nylon,

and10% Velcr® fastener
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4. LHIM ®. Retrieved November 19, 2014, from
http://lwww.weiku.com/products/10396066/Dorsal_Lumbar_Back_Brace.html.

Rigid aluminum uprights and pelvic bar limit spine flexion, extension, and lateral

bending to povide intraabdominal pressure against spinal instability.

5. Soft FormA ® Retrieved November 19, 2014, from
http://www.amazon.com/PostufgontrolBrace Support-
Extra/dp/BOOL4IPRTQ/ref=sr_1 4?s=hpc&ie=UTF8&qid=1416460840&sr=1
4&keywords=soft+form.

The deice claims that itis designed to correct poor posture by gently pulling the
shoulders back and holding them in the proper position. Elastic side panels provide
support compression to stabilize the abdominal and lumbar regions for improved posture
and algnment. Two bendable aluminum sigyrovide additional support and can be
removed and shaped to contour the back. X4shape bandesign in the back allows for

adjustability.

6. NeoG®. Retrieved November 19, 2014, from http://www.amazon.com/Medical
GradeDorsolumbaiLower-
Support/dp/BO03XRNZQ8/ref=pd_sbs_hpc_4?ie=UTF8&refRID=
OD6MTOQ7XASHY676SBA3

The deviceclaims that itis designed to support and reduce an early thoracic kyphosis
by encouraging correct alignment of the dorsal and lumbar spine. Thedirftexible
stays along with the anatomical design help provide added support to muscles, ligaments

and tendons.
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Appendix B. AcademicSearch

1. Laiyuenyi, H. (2011)Final Year Project Development of Body Shaper for
Improvement of HunchbaglBachelor thesigHong Kong Polytechnic University

A shapewear prototype for upper torso support was developed in this study. The
underbust type body shaper claims thoracic region improvement and an underarm flesh

control effect.

2. McRoberts, L. B. (2008)I'he design and assessment of a soft structural prototype for
postural alignmen{Doctoral dissertatigr-lorida State Universily

This study developed and tested a soft structural posture support garment for thoracic
region spme improvementThe prototype was created to be similar to a sports bra or

fitted tank for upper torso support.
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Appendix C. Patent Sarch

1. Balit, R. (1999)U.S. Patent No. 5,996,12@ashington, DC: U.S. Patent and
Trademark Office.

This invention was disclosed as a swimsuit comprising an outer garment and an inner
liner, wherein the inner liner is joined to the outer garment. It claims that the symmetrical
T-shaped anchor portions on the hip region have a tendertoy pulled to each other,
thus facilitating the lifting and shaping of buttock regions into a naturally looking form.
The designs of this invention asabstantiallydifferent to thePMSSdesign in tis study

and ths patentinvention focused on body lges support smoothing rather than posture.

2. Jack, I. (1948)U.S. Patent No. 2,443,318MNashington, DC: U.S. Patent and
Trademark Office.

This invention was designed to embrace the lower part of the body of the wearer, said
girdle beginning at the waiine and extending downward to embrace the hips, abdomen
and buttocks, an upper portion secured to and rising from the waist line of the girdle and
extending upward over the back of the wearer. The biggest difference between this
invention and th®MSSdesignis the absence of the front torso panel in this invention.
Hence, it might be hard to support the overall torso effectively. Although it claims to
provide some posture support elementise support strap designs and the torso panel

structure compareih thePMSSdesign in tis study are quite a bit different.

3. Krawchuk, T. (2013)U.S. Patent No. 8,549,768Vashington, DC: U.S. Patent and
Trademark Office.

This invention was designddr lower lift, upper lift and suspendsupport by being
equippedwith posture support bands in the foundation garment. This inveciaons to

prevent disorders associated with insufficient breast support and poor posture of the
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upper body. The posture support band designs are different wiiviB&design in tis
study; the support band width in thgatentinvention may be thinner and tltesign

elements arenuch more complicated.

4. Ledyard, S. D. (2008).S. Patent No. 7,395,55Washington, DC: U.S. Patent and
Trademark Office.

A seamless women's upper body gantncomprising a circumferential band below
the bust line and dorsal and ventral vertical support panels was developgubsiire
support elementsincluding material selections and support element desmyes

differently structured by knitting comparea thePMSSdesignin this study.

5. Noel, K. (2013)U.S. Patent No. 8,425,278Vashington, DC: U.S. Patent and
Trademark Office.

A bodysuit shapewear garment comprising a posture support element for upper body
support was developed. This invention claimbody support for upper torso region by
inserting firmlevel support element to the inside back of the bodysuit, especially
shoulder blades region. The posture support elements are differently designed and it

claims differentbbodysupportregiors comparedo thePMSSdesignin this study.

6. Sakamoto, A., Sudo, M Umemoto, M. (2010)U.S. Patent Application 13/318,156

An upper body posture support garment equipped with a belt having a straining force
stronger than that of the main body section was Idped. This invention claims
particularly the improvement of the spirturvature and smooth body bulges of the lower
abdomen region. The-Xhape support system is similar to BMdSSdesign in tis study

but the placement of the bands and the overall@ggstem design are different.

7. Sano, M. (1997)U.S. Patent No. 5,699,55%ashington, DC: U.S. Patent and
Trademark Office.
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A shape suit comprising a body formed by sewing together a front body and a back
body with two stretchablbandswas developd. This invention claims that thebands
have a dual purpose in accordance with usage thereof; when the front body is provided
with the stretchableébandsin an X-shaped arrangement, the stretchabéndg lift
superfluous flesh on the waist region white tstretchable badkandslift superfluous
flesh on opposite sides of the buttocks when the back body is provided with the
stretchablebandsin an X-shaped arrangement. Although, this invention hashpe
support bands, placement of the bands, materlattgen, and the band designs are
different compared to theMSSdesign in tis study; in thispatentinvention, the support
bands might benuchwider and less stable on the back because of no stitches on the

bands with the garment together.

8. Yoshihara, H(1987).U.S. Patent No. 4,698,84Washington, DC: U.S. Patent and
Trademark Office.

A swimsuit having an inner liner of stretchable and resilient fabric was developed.
This invention claims that the control panels are preferably located on the abdondhen
both upper rear hip regions of the inner liner for encasing at least a portion of a person's
torso, including the abdomen, hips and rear regions. Although the inventions are designed
on the purpose of posture support, the support system is diffedesityned compared to

thePMSSdesignin this study.
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Appendix D. Market Search

1. Leonisa® RetrievedNovemberl9, 2014, from http://www.leonisa.com/en/

The company has developsdmeposture supporshapewear garmentgvng X-

shapébandsover the shoulder or upper back region.

2. Invisupport® . Retrieved November 19, 2014, from
https://www.cassandco.com/invisupport/.

This company has developedme shapewear garments with invisible support system
with garment gauge changes the back torsoThe productlaim eliminaing bulges

above the panty line ammbsture modification

3. Braologie®. Retrieved November 19, 2014, from http://www.braologie.com/

The company has developastme posture lingerie including shapewear andTita
products having shape bands on the back torso linolgim posture and body shape

improvement

4. Instant figure ®. Retrieved November 19, 201flom
http://m.instantfigure.com/Shapewear/postsu@poricrop-top-curvy.

The company has developad uger torso bra claims a posture support and enhance

body line.

5. Cortland®. Retrieved November 19, 201f4om http://www.amazon.com/Cortland
Longline-PostureBra/dp/BO03LY0BGO/ref=pd_sim_sbs_a 57ie=UTF8&refRID=
18TXE8GG6YBATIAP757P

The company has develed some posture lingeridaving X-shape bands on the
upper torsoThe products claino straighten the upper back, reduce shoulder strain, and

help with back pain.
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6. Dare to flaunt® .Retrieved November 19, 2014, from
http://daretoflaunt.co.nz/index.php?rogpeoduct/product&path=61_89&product_id
=1467.

The company has developedtank type shapewear garment covering overall torso
with X-shape bands on the back tor3te productclaimsthat it pulls the shoulders

down and supports back

7. Creation shapewea®. Retrieved November 19, 2014, from
http://www.creationshapewear.com/back_support_4018.htm.

Thecompany has developasdme types oposture modificatioshapewear garments
havingX-shape bands on the upper torso of the garnidr product claimsaintaning

proper back posture.
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Appendix E. Recruiting Flyer

* Study Purpose: to examine effects of shapewear on the body and determine
the best design features.

* Eligibility Criteria:

- Women age 18 to 38, and

- whose body measurements fit in dress sizes between

1) misses 4-6 (small, hip size 34”- 37"”) or

2) misses 8-10 (medium, hip size 38”- 41"”)

3) misses 12-14 (large, hip size 42"- 44").

* Study Procedures:

- Approximately 2.5 hours

(1) You would be required to try on 2 different shapewear products, be scanned 3 times
wearing your own underwear (bra and panty), shapewear 1, and shapewear 2 while
standing in various positions. Each scan will take about 11 seconds in enclosed body scanner
booth.

(2) You will be asked to complete a brief questionnaire asking you to assess each shapewear
garment.

* Compensation: $50 gift card (Target store or Amazon)
will be given when completing all study requirements.

* Time:

2.5 hours between 10:30 am-5:30 pm (Mon-Sun)

* If interested:
Contact: Saemee Lyu

Email: lyuxx004@umn.edu
Location: McNeal Hall #355,
Human Dimensioning Laboratory, University of Minnesota (St. Paul Campus)

The researcher is a graduate student. Her advisor is:
Dr. Karen LaBat (612) 624-3628, klabat@umn.edu

158



Appendix F. Recruiting Email

Seeking Participants for Shapewear Study

We are currently conducting a studyfofs hapewear 0. The purpose
examine effects of shapewear on the body and determine the best design features.

We would appreciate your help by participating in this study. We're particularly
interested in finding participants, 18 to 3&ays old women with 1) Small, dress size 4
to 6 (hip size approximately 340 to 370)
approxi mately 380 to 410) or 3) Large, dre
449) .

If you are eligible to partipate in this study, you would be required to try on 2
different shapewear products, be scanned 3 times wearing your own underwear (bra and
panties), shapewear 1, and shapewear 2 while standing in various positions. The body
scanner in the Human Dimensiog® Lab on St. Paul Campus of the University of
Minnesota is used to capture a visual 3D image of a person and to quickly determine
body measurements. The scanner captures topical measurements and the process takes 11
seconds. You will be able to see youmage and may have a copy of your body
measurements. After 3D scanning in each wearing condition, you will be asked to
complete a brief questionnaire asking you to assess each shapewear garment. The full
study will take approximately twand a halhoursand you will be given a $50 gift card
on completion of the study.

If you are interested in this study, please email me (lyuxx004@umnlecnd if
you know of anyone who fits the size categories, please feel free to forward this email to

them.
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Appendix G. Protocol

. The flyer AppendixE) was posted in the buildings #ite University of Minnesota
and faculty was asked to announce the study in class by handing out flyers to students

or post the flyer on the class board electronically on the Moodle site.

. Volunteers were sent an emalippendix F) briefly describing the purpose, process

and requirement of the study to make an appointment fcattiaky.

If they were willing to participate and fit within the sample needs, they were asked to

come to the Human Dimensioning®© LalhatUniversity of Minnesota.

. When volunteers arrived for the study at the Human Dimensioning© Lab, they heard
the purposeof this study and the pr&can procedure that they will be scanned one

time in their own underwear to determine eligibility (body measurements).

. The volunteers were instructed to remove street clothes, leaving on only their
bra/panties and remove jewelagcessories, and glasses and tie their hair back, etc. A
robe was given to volunteers and they asked to put on a robe when the study

procedure except for scanning procedure.

. \Volunteers were scanned one time in her own underwear in the stamddomnical

position.

. After scanning, they were asked to wait for 5 minutes by seating on a chair.

If volunteers met the sampling requiremefspendixE and AppendixF), they were

asled to read over the consent form and then sign the consent form: study consent
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form (AppendixH) . |l f volunteers didndt meet the
their body measurements with the sampling critend were asked if they want to
take a look at their scan images and 3D body measurements. After then, they were

asked to get dressed and finish the test.

9. If they signed on the consent form, they were asked to complete a questionnaire with

background informion and experience wearing shapewégpendixL)

10. After the questionnaire was completed, the participants were wewgdadng their

own underwear withotthe robe.

11.The participants were landmarked with a big iegriback (1 cm for diameter and
height respectively) on both shoulder points (acromion) and the center back neck

point (cervicalg using a bottsided tapéAppendixl).

12.Waist and hip circumferensevere measured n t he parti ci pantsao

measure.

13.The participants were given a brief overview of positions they were asked to perform

(AppendixJ) while viewing images of the position&gpendixK).

14.The participant will be guided to the scan booth and told to place their feet in foot

position device.

15. The participant will be given a brief overview of scanning procedures:

A. Each scan will last approximately 11 seconds so sssitidlook forward, and

breathe normally. You will need to hold the position without moving until you
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hear APl ease Rel axo.
B. Hands should always be slightly away from the body.

C. The lights will be out while the scan is taking place.

16. After the preparation, grticipants were scanned. Once the scan is checked for
accuracy, the subject may be rescanned if necesHagyprotocol was repeated on

each participant in each wearing condition.

17. After each positionwvas successfully scanned in no shapewear conditiompbeewas
provided for the participants and they asked to return to the main room and take a 5
misute break. During the breatapturedscan views in no shapewear were made for

guestionnairesafnterior, posterior, lateraight side,horizontalview at thetop).

18. After 5 minutes, participants put on one of the shapewear prodiuatas randomly

assignedWOC shapewear without the PMSSG shapewear with the PMSS).

19Bef ore scanning, some gar ment di mensions
using a tap measure anché tape measuring procedures were repeated for each

garment

A. Garment torso lengths at location thfe PMSS soft materials (thoracic and
lumbar regions, respectively)

B. Garment torso diagonal lengths whidrePMSS sofimaterials placed diagolha
from underarm to opposite side seamger hip level

C. Waistcircumference

20.After measuring, participants were scanned ahne $canning procedures were
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repeated for each garment.

21.After all scanning procedures were completed for each shapewear prtdict

participants were told to put the robe on and go over to the table in the main room.

22.In the main room, they were told to tak@0-minute break and get dressed during the

break. Thecapturedscan views in each shapewear were made during the break.

23.After the break, the participants were asked to complete a shapewear product
evaluation questionnaire related to the shapewear product they tried on and were
scanned inquestionnaire indicates the name of the shapewear garmgwD&sor
ISG). They were asked to provide their opinions about their scan as seen on the
computer screen by comparing the scans in no shapewear versus the scans in the first

shapewear they tried oAgpendixM).

24. After finished,they were asked to complete the second questionnaire by comparing
the scans in no shapewear versus the scans in the second shapewear they tried on

(AppendixM).

25. At completion of the process, participants were dskechoose a store of the $50 gift
card (Target store or Amazon) and given the gift card. If the participant wanted to be
givena Target store gift card, they were given a $50 gift card in pekstile a $50
gift card was sentia emailto participants o wanted to be given an Amazon gift

cardon the day of the test.

26.The participants were thanked for their participation.

163



Appendix H. Study Consent Form

You are invited to participate in a research study of shapeweargsgqdompression
type underwear garment). You were selected as a possible participant because you fit
within our sample needs. We are expecting to demonstrate the effects of shapewear on
the body and are seeking your input to improve shapewear desigraskWeat you read

this form and ask any questions you may have before agreeing to be in the study.

Background Information
The purpose of this study is to examine effects of shapewear on body shape and to

determine the best design features.

Procedures

If you agree to be in this study, you would be required to try on 2 different shapewear
products, be scanned 3 times wearing: 1) your own underwear (bra and panties) only, 2)
shapewear WOC, and 3) shapewear ISG in various positions. You will be askpéddb r
the positions carrying a backpack, a shoulder/cross bag, and hand carrying for the
carrying an item position (approximatel®% of your body weight You will be asked to
complete three questionnaires, one with basic demographic data and two gabessin
shapewear products. The study will take approximately 2 hours and half or less of your

time.

Risks and Benefits of Participating in the Study
The study poses minimal risks. The Awazardous scanner uses alight laser that
captures a 3 dimerwmial view of the human body and each scan will take approximately

11 seconds and 3D data will be kept confidential. Questions in the questionnaire will ask
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for your opinion, along with your concerns and desires. You may refuse to answer any

guestion that my make you uncomfortable.

Compensation

A $50 gift card

Confidentiality

Research records will be kept in a secure, safe location and only researchers will have
access to those materials. We will not share confidential information about you. 3D scan
data and questionnaire answers will be kept confidential on the College of Design secure
G drive. Final reports and presentations will not include any information that would

identify a participant. Written permission will be secured.

Voluntary Nature of the Study
All participation in this study is voluntary. If you decide to participate in the study,
you are welcome to refuse to answer any question or withdraw your participation at any

time without affecting the aforementioned relationships.

Contacts andQuestions

Any questions or comments you may have about this study may be directed to
Saemee Lyu (lyuxx004@umn.edu, 6824-9825) or Dr. Karen LaBat (klabat@umn.edu,
612624-3628). Any questions you may have now or later are welcomed. If you have any
guestions or concerns about the study that you would like to discuss with someone other
than Saemee Lyu or Dr. Karen LaBat, you are encouraged to contact the Research
Subjectsd Advocate Line, D528 Mayo, 420

or (612)625-1650.
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Participant

signature Date
Investigator
signature Date
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Appendix |. Landmarks for 3D Scan

The cervicaleand the shoulder points referring toetdesignator with lower case

lettersin each figure

1. Cervicalen The c ¢€ddviica lteh) s thetip oftthe spmaus process of the
seventh cervical vertebra (A) and the tip of the spinoasgss of the seventh cervical
vertebra is visible and easily palpated when the subject bends the head forward (B)

(Gupta& Zakaria, 2014).

(A) (B)
7" cervicd vertebra(Gupta& Zakaria 2014)

2. Shoulder point: A The s ho ulsidoe ri mp oti mé the crasging potsof
the armscye linda.s.1) and a line that bisects the antg@msterior diameter of the
upper part of the upper arm (B). The armscye (ms.1) is defined using a string
which is placed under the arm of the subject abductingalmerapproximately 30
referring to he acromiale which is the most lateral point a of the lateral edge of the

acromial process of the scapulafC) ( Gupta & Zakaria, 2014)

ra.s.l,
\ I'Y

(B) ©
Shoulder pointGupta& Zakaria 2014)
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Appendix J. Position Directions

. Position 1 (P1): Stand straight, with your feet shoulder width apart, elbows slightly

bent and hands approximately 60 from your

. Position 2 (P2). Carry the backpack, stand straight, with your feet shoulder width

apart,elbows | i ghtly bent and hands approxi mat e

. Position 3R (P3R):Put the handbag strap (long length) on your right shoulder, stand
straight, with your feet shoulder width apdgft elbow slightly bent and left hand

appr oxi mat e lbpdyaénd right hamdrputyomtherhandbag naturally.

. Position 3L (P3L): Put the handbag strap (long length) on your left shoulder, stand
straight, with your feet shoulder width aparght elbow slightly bent andight hand

approxi mat el y 6dthefeftham puy an the hatdbad patuially.

. Position 4R (P4R):Put the handbag strap (long length) on your left showtdplace
the weight on your right hjgstand straight, with your feet shoulder width apleft,
elbow slightly bent and lefthandgp o xi mat ely 606 from your b

on the handbag naturally.

. Position 4L (P4L): Put the handbag strap (long length) on ydght shoulderto
place the weight on your left higtand straight, with your feet shoulder width apart,
right elbowslightly bent andighth and appr oxi mat el ytheGedt f r om

hand put on the handbag naturally.

. Position 5R (P5R):Carry the handbagskort handleswith your right hand, stand

straight, with your feet shoulder width apdgft elbow slightly bent and left hand
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approxi mately 60 from your body.

. Position 5L (P5L): Carry the handbag (shomandle$ with your left hand, stand
straight, with your feet shoulder width aparght elbow slightly bent andight hand

approximately 60 from your body.
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Appendix K. Participant 3D Scan Positions

Postion 1 Postion 2 Paosition 3R Postion 3L

Postion 4R Postion 4L Postion 5R Postion 5L
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Appendix L. Shapewear Study Questionnaire: Background Information

Todayobdés dat e:

Name: Participant #:

Date of birth:

Email address:

Home address

Phone:

Occupation;

Please describe your response or place an Xtime box at the location that describes
the best response.

1. Have you ever worn a shapewear garment?

*Shapewear is defined asfoundation garment functionally designed to help wearers
achieve a desired body shape which is slim and curvy or balanced gosture
aesthetic purposes by providialpthingpressure (Pithers, 2010).

7

| nO | ves

2. If NO, why not?

3. If YES, why?

4. If YES:
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A. What types? (Céck all that you have worn or currently wear)
*Figures have been retrieved from
http://www.spanx.com/shop/spanx/shapeweaid8atatictn_spx_sw

~ ~

| Mid-Thigh I High-Waist I Camisole I Slip I Bodysuit
/Cincher /Tank

|Others (describe any other product youo\
changes your body shape.)

~

B. How often do you currently wear shapewear?

| Everyday I Several times a week I For special occasions only

C. If your goal is to change your body shape when wearing a shapewear garment
which baly areas or parts of the body do you want to change? Be as specific as
possible.

D. How do you want these areas to change@.¢maller/larger/slimmer/balanced,
etc.) Describe each area you want to change.
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Appendix M. Shapewear Product Evaluation Questionnair¢Product
ISG/WOC)

Name: Participantt#:

For purposes of this study | ask you to focus on the shapewear you tried on and
were scanned in. The shapewear would typically be worn under other clothing so
you may consider that in your evaluation.

Please povide your opinions about your scan as seeon the computer screenCircle
the one number that best describes your opinion.

1 Body Shape

1.1 Did the shapewear change your body shape?

Not at all Extremely
changed
1 2 3 4 5 6 7

1.2 If you think the shapewear changed your body shape, explain how (What
differences do you notice compared to your body shape in your underwear?).

2 Posture

2.1 Did the shapewear change your posture?

Not at all Extremely
changed
1 2 3 4 5 6 7

2.2 If you think the shapewear changed your posture, explain how (What
differences do you notice compared to your posture in your underwear?).
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3 Fit

31 How satisfied are you with the Afito o

Extremely Extremely
dissatisfied satisfied
1 2 3 4 5 6 7

3.2 Describe what you see in this shapewear product that determined your level of
satisfaction: In other words, how did you determine good fit or poor fit.

3.3 Please describather things you like or dislike about this garmiérybu have.
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