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et al., 2003). &A1t Z7|7F FE Ao EAZE =4 A% 1S
283514 2 A97F Ath(Jun et al, 2012; Choi et al., 2001;
Gallagher et al., 2009).
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Rowley (2002)¢} Yin(1994)9] <AFoA+= Al <+ (Case
study) Aol diaid o3t o] Zefar vk A A=
TE B TxItE e VxEA A7 ZRAES oB[Aol1
HrAQ dAE AT #E8F =R oAA gow, AR U
ol thal whshe ul Autdow s Fo Y mod A
SAola AAS A Adste stue HHolth weba] #-
Fes 24T 5 ol d Adelx Foh AEzAehE giz2d o

2, AT w9 AT S ARERAPIA BT B4 AW
A AT Fed AR 1 WA ofd W] e 2AE
ST 5 oot ol A& FEEh wep] Al APe ¢
g FW ANE mehne b Qe weleta By
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Aol wea WS ARy Sk ST B Al
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12 #3REA A7 FAR] 3349 AA P4 £5% 43 #9)
AR FE 27

AT e f s WEE] )| Alol=FE ol S
2S5 92 Ao AARAZ At A7 (Artec Eva Hand—held
3D Scanner, Artec Group, Luxembourg) & AF&3lo] 3z A+

HolE & 5538t1AF 3 tH(IRB No. 1808/003—001).

w3l HE35 3219 HolEloA] & HO i FJES =A9)
o, FH 5 F 33 A Ao ANFE FASY] A8

gom, &
ARGHS B QTN BHE Y fFel miet AT Foia

£ 3. 5% 334 o8 ¥ A% ¥4 53 3

AS 5 A% HE
7§ 1/27 =BP A}l SAHT oA 1/2 FFellA AEAFHA
7o A A el
SA-BP Abold el HAA A ARA [ 7EA] ] AR o]
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A 22 Az 2A THE =X

2.1. 40-500 =9 449 FLGHEH 4
B AFdAM = 40, 50U 7o ® st AU HE FAstaAt
3 (IRB No. E2008/003—-006). 3 20, 30t oA 3} n]a s}
40, 50019 oL tulshe HEAoE AsEA] gom, oA
ke BExole] Zg o] uwhep § F-919 A geb vt
g2kt (Nam et al, 2002; Park & Jang, 2014). 2822 %9
g

juy)
=
o

Nam et al, 2004).

2 A= Lee(2003), Jo & Kim (2008) o] d++5 Frarste] 40,
50tell A 7hg Wo] sk Hx|o] Ato]= A8l Al AREShHE
A7k olglEel 802% KS K9404 7|07 A7t oldiEd7)
77.6cm~82.5cmel Gt HolHE V|ECo® ste] 15372 34}
4 dHelHE 4 didom AAsivh. EIE 2 Aol AAE
1537¢] 32k FA dolHe 2EHI 4%o] fio =
ety 8 T AR HAAe Ay BAHoRE foug xpo] 7t
UeER (R 4), 99 782 EUE AZete] (Machida & Nakadat,
2015) 30671¢] 7} dHlolHE F5ak3lth B35k Eder et al(2012),
Lee et al(2003), Sohn & Yi(2020) ¢ 45 #Faste] F9o =
4 71Eds AASIY =3 Jo & Kim(2008), Park &
Son(1996), Kim & Son(2001) & A& Farste] 71 H-9] A5

NI\
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HlolE o] 32k F3& A

g3l 451t 339 A2 Geomagic Design X X213 -S
Abgsto] S48k, ST AFe —BPALo] o], of7]1/2
A —RB p/\]_o]

A47ol, HA-BPAol A Aol 4Ad Ao, &
1

2]
S T, 9 o)y E 173E 0|t (E 3).

E2age Al 8 ERA/NG ARy, FHRAS A
AT E=E 7 F39 wAL g8 wE BAe Axskad

e Pt oy t

2.0l —BP Ato]Z o] -0.17 11.15 -0.189
7] 1/2 4 —BP 1.21 13.57 1.099
E9Fd —-BP 1.84 10.70 2.129%
A A o) -3.02 10.37 —3.600%5x
st A o) 4.38 6.06 8.942 wnx
Bl SRR EAE) 4.93 10.99 5.551 sk
QAR A H Aol -1.34 11.84 -1.399
A A F o) -2.96 9.27 —3.952 s
st G A wd o) 4.21 10.13 5.139sxx
G A £ o) 7.13 11.26 7.830%5x
QAR A EA 0] -2.96 12.63 —2.899%x
75 2 Ao 2.91 10.06 3.57 4
7 A=A do) 1.11 11.47 1.201
A7V ST AA & -1.48 3.68 —4.986#5x
A7V E A A 1.86 6.07 3.798#xx
T 1.73 4.66 4,597 #nx
o] 3.82 7.30 6.47 Qs
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*p<0.05, **#p<0.01, **%p<0.001
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(Gong et al.,, 2010; Winter, 1995) dHo]E]7} ¢t H = 30%5H
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WS AREsIg o, pdy whS gy grh WA B Ao A
A FAS =l 40~50d) oA i FEje] weh AT FHo
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g8 AANSFYR 2dS a8FE 5, Auo]A(surface) 2] TS
&

11 O 1] 3
51 -'x_g |_' 1_.” L



o] Ato]=uk P 9 W= Sl
19 F(Choi et al, 2021). wHe}A

S

Ny

o
ofo

Moz Ay Al

=0

H

T

oF

ot WHE AL

=y
-

=017}

glZol A7

A
=

E20mm 570, 10mm F7§, 5mm F7/0Z 671

=2 s

i

il 3714

HIGE

S

Anch e TAE vl

=y
-

)

7}

Esk s

G

&

Ry

ST

W
1

0

PN
T

1

;OE

Fol vl

S

&
EERS] 29

2

ol

o] At

52



° Dy g gy B X
0 A_ o EE ;01_ —_ Jﬁlu O_E ﬂ_OI .
or 5 (] v ° X gm il Me
ﬂEM = M ojy Wou Aﬂ W_l 3 o
T 1o 1&! 0 ﬂ
i < = oy 2
AR T oy T H wr i
XN N S
Rl o pET T %
=K X <0 A o N Xp
R 3 s N ™ olo oL 5 ~
{] K o P o
R o T o o W o mﬂ Am
r 3 w5 T e T =
h b om0 W Do X
= o e
MUrzWo 8 ” mWAo &.,._ = OW % ‘WO
bz g o e o AR s = 9
I+ O_H m W ol oy © 5
Nd Cl e ) ali M S
F A Ll w oo 5§
& ° woH W Yoe 9w
& 2 @ moag WL 25
5 T4 2w g s
5 E W oH o e M P
Nro F _.E e ﬂ_ol 1Xr_| dﬂ E.._ Jl an dM,._
I N oo o A w2 m f
« Moyl oW s w2

., USA) ¢

Inc

o geje] -2 A

s

o
o

53

Z 71321 Fusion 360¥ Meshmixer (Autodesk,

2AA, AR, BHE T15E A

3L

ol =

E



YT (soild) = HE & pdy # {1k JeRy & E2=E AE T
S0 7189 ez AT FHES AR e RN 37 E5E A
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ot} A7t Bl SuAdAES AaE AT Poixje) 3214 ¥

T ARt BEE itk 7)Eo] Qe I &=
ARgEte] 715e] Aolst FAE AalE ¥ EFHTFHe Ves skl
¥t Bt FHEF e
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gl =85 918 AR-g 3D ZHEE I
ZyE (ENDER-5 FDM 3D, Creality, China)E& xZ& A5
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= 25 ») 100
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00—30% 3mmTAE E¥stal 57 =
Egspgity. TR EES] X f1e EEEE 6AK eI 8AIRMe] A8
At ESE o] FuE AR SHbelr] flEl, 3 ATtellA ARG

el FAE AAsri e, 100mld 100g Q1 2& gRlsk3ih

55 #JE_E o 1—.-i:



IHEZ

FDM 3D

SHA

I}

e, BEZ A

=
T

B
B

_
fite)

56

EcoFlex 00—30
EcoFlex Gel
EcoFlex 00—30

Az/E W] 432 4

% 8.



ZEERQIEE

=4

A

=

A &)

af

S

9

=
=

37}

A
(¢}

_]

kel

Foith(IRB No. 2106/001-011).

°

b

ek =y

3|

&

41 TZEGY A= 439 ASATH B}

A 42 ZZEEY Q

0

X
ol

Al
h=

Q =

b FEE 4714 9

ZEES] ]

Ay

g B Ao}

N

o)
Mﬂ
il

N
ﬁo

o)
-
e
ojiy
oS
<

T

2l =

CAZZolt A A 2 4% HY A4

ol

5

H

7,

2%,

3T

512

5

Hel o

stof o/l B4,

S

AR

KN
=

R

N
il

o7



A FAEY a7 detste] grEHor ARgHE HUA
Al @Akl MRIHOIE S o] &8to] AZHAT (1™ 13). =T F13
o 328 MRI HloJBE o] &8fe] Bjxe]e] A4 A5E &3}
o] BN olE AASAY. vuFoR A5 334 5% u
=425 ARGl 719 Hyx|o] HA WAC R Hluw B
AAsEe] F7HA BeAo) 9] Ysd 3 BEAE Bk
7 MRIHIOJE & Abg-sto] AAlE BExole] Ao
HAFskoinh tEe], Adydre Agdeiate E A9
FUst MRI dlolHE AHgste] AFA sEA =
o} (Kim, 2020).
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Abstract

Personalized artificial breast
development for patients with

mastectomy

Da Som Koo

Department of Textiles, Merchandising and
Fashion Design

The Graduate School

Seoul National University

The goal of this study is to identify the breast type of Korean
women in their 40s and 50s, derive a personalized artificial
breast design methodology using 3D human shape data of
mastectomy patients, and select weights suitable for long—term
wear. In addition, prototype artificial breasts are manufactured
to verify usability through multiple usability evaluations. In order
to achieve the research goal, this study was conducted through
the research stages below.

As a first step, to derive the artificial breast design
methodology, 306 3D data on the breast area of the 5th size
Korea were used to analyze the components of the breast of

women in their 40s and 50s and compare the characteristics of
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each type. In addition, in order to find the standard of weight of
prototype artificial breasts for healthy participants, the weight of
the chest position was changed to compare and analyze the
center of pressure in static and walking.

As a second step, in order to produce personalized artificial
breasts for three mastectomy patients recruited for the study,
3D human shape data were acquired, and artificial breast design
regression equations were applied to derive artificial breast
design dimensions. Based on this, the shape and mold of the
artificial breast were modeled using a 3D software program, and
the prototype artificial breast was manufactured using a 3D
printer. In addition, in order to provide a texture similar to that
of the actual breast, silicon with low hardness and silicon with
relatively high hardness were used together.

Finally, in order to evaluate the usability of the manufactured
prototype, the balance was evaluated by comparing and analyzing
the center of pressure of the static and dynamic states. For
subjective wearable evaluation, the most preferred prototype
artificial breast was worn for one week compared to the
commercially available breast, and the wearability was evaluated
through questionnaire evaluation and non—face—to—face
interviews.

Summarizing the results derived through this study, first, it was
possible to grasp the demographic characteristics, physical

characteristics, and use of artificial breasts of mastectomy
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participants.

Second, the constituent factors of breasts of Korean women in
their 40s and 50s were analyzed and classified into three breast
types. Therefore, the artificial breast design regression equation
for each type was derived according to the detailed items of the
breast area that need to be corrected in the nude state. Next,
there was no statistical significance in the static and dynamic
balance depending on the weight, so it was expected that wearing
an artificial breast lighter than the remaining chest weight would
not negatively affect the balance. Therefore, according to the
above results, a shape correction method and weight selection
method for artificial breast design were derived.

Third, according to the correction regression equation derived
earlier according to the individual participants in the breast
resection study, the design dimension of the customized artificial
breast was derived, and the artificial breast was produced using
a modeling program and a 3D printer. There were three types of
prototype artificial breasts manufactured, and the remaining
breast shapes of the study participants, customized artificial
breasts with correction regression equations, and customized
artificial breasts with reduced weight after applying correction
regression equations.

Finally, the usability of prototype artificial breasts was verified.
As a result of usability evaluation, there was no statistically

significant difference in balance for each prototype. In addition,
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when looking at individual cases of subjective wearing evaluation,
study participant A belonging to breast 1 was satisfied with the
prototype artificial breast. However, study participant B, who
usually prefers artificial breasts larger than his chest, and study
participant C, who has the largest breast among the three study
participants, were satisfied with the weight of the prototype, but
tended to be dissatisfied with the volume. Therefore, in the case
of breast belonging to Type 1, it is thought that it can be used to
produce artificial breast using the artificial breast design
regression equation derived in this study, and in the future, it is
necessary to add a choice for volume and weight for the modeled
artificial breast.

This study has limitations in that there are fewer study
participants due to the characteristics of breast cancer patients
and material limitations in that the touch is stronger than that of
commercially available artificial breasts. However, it is thought
that materials can be improved through convergence research
with the field of materials and medicine. In addition, this study
attempted a study on the development of artificial breasts for
Korean breast cancer patients, which is rarely covered, and is
meaningful in that it established a design methodology for
personalized artificial breasts. It is expected that the quality of
life can be improved by preventing musculoskeletal diseases as
well as psychologically positively by reflecting the Korean body

shape and helping to increase the burden of wearing it for a long
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time with light weight.

Keywords : breast cancer, mastectomy patient, artificial breast,
3D scan data, center of pressure
Student Number : 2018—32435
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