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Algorithm for Fabricating 3D Breast Implants by
Using MRI and 3D Scan Data

Young Jin Jeong+, Dong Hun Choi”,

ABSTRACT

T+

Ku-Jin Kim

In this paper, we propose a method to fabricate a patient-specific breast implant using MRI images
and 3D scan data. Existing breast implants for breast reconstruction surgery are primarily fabricated
products for shaping, and among the limited types of implants, products similar to the patient’s breast
have been used. In fact, the larger the difference between the shape of the breast and the implant, the
more frequent the postoperative side effects and the lower the satisfaction. Previous researches on the

fabrication of patient-specific breast implants have used limited information based on only MRI images

or on only 3D scan data. In this paper, we propose an algorithm for the fabrication of patient-specific
breast implants that combines MRI images with 3D scan data, considering anatomical suitability for
external shape, volume, and pectoral muscle. Experimental results show that we can produce precise

breast implants using the proposed algorithm.

Key words: Patient-specific Breast Implant, MRI Images, 3D Scan Data, 3D Model Segmentation, 3D

Model Registration
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Fig. 1. Photos on breast implanting: (a) Unfitness of the
implant represented in the MRI image, (b) The
case of unfitness between the implant and the
breast shape (c) Suture perforation,
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INPUT : MRI image, 3D scan data
!

Mpy = 3D model of pectoralis major muscle
generated by segmenting breast region
from MRI image

|
Mg = 3D model of chest generated from MRI image
Maean -= 3D model of chest generated from 3D scan data

J

| 3D model registration for Myrr and Msean |
!

| Mpreast -= Brest front model segmented from Mgean |
J

Mimpiant := Breast implant model generated
by using Mpy and Mpreast
J
Mo = Silicone mold model generated
by using Mimplant
I
OUTPUT : Mmou

Fig. 2. Overview on the Suggested Algorithm,
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(a) (b)

Fig. 3. Input data: (a) One slice from the set of breast
MRI images, (b) 3D scan data,
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Fig. 4. Segmentation of breast region: (a) Select base points b1, b2 (the end points of both breasts), b3 (middle
point of breastbone), b4, b5 (the end points of the pectoral muscle), (b) Breast area selection by threshold
(blue color), (c) Final breast area after removing the pectoral muscle area (blue color)



MRI2t 3D A2H CIOIEIE OIS&t 3D ZEIE 7Y

o
=)
£
eti)
do
4z
1o
o
b1
e
ol
o
rlr
o
rlo
=
oE
fo

S
ot
=
o
fu

o
J&‘L
o
N
N
o)
)
AV}

34
A} Bk Hoﬁﬂ o]t}. Threshold t'o H
bl, b2 BT} offel 9l
Ap4 o b5°ﬂ/\1 uJT°1

)
i

o
n}L’ X 12 o o of o £

o
o = rlr lo
-
/o
o
= 12

o &

Flr 2
1M of =

348 AATHbig, 40
A e dekel § 990

o

— o
l'E

|

g

[o

o

o,

w13

¢z do 41 E

[of
-

N
_|zi i -
o 2 U R g W

(Boolean Operatlon)«] 2}4 gH(difference) <
H, 23S “A and (not B)” SA4ke] s g-3ti18].
AelE 28 FgolA b4sl b5 Bl Yol U= F
g5 A9t 2 995 &3t (Fig. 5b)F
%). Fig. 5(c)oll A stgmo g A9 3D 2do] &
F MRI axial ¥3F2] 7} @5 FdolA £ o+
< ¥9S 3D EEE 74T dEFZ Zdo|th

v

42 E5 3D 2Ho| HEt
A2 e Ay F2AE
&g skal gl vl mds

)

A1 g e 3
Ae] 2370l A g
| 4 A
98 A%l A

AL o, 353t

r>~l

o) T2 A7 wmA Ax
ahe o] Agoltiig, 201 §4 ®
ERIEES

oﬁt

MRI %9747 3D =74

e

220 M& £12lE 1389

Aol A& FEZHF MRI G40 FA1H o 584
AA Fze gA 3D 27 HolHE 22 F-s
AR o] FA 7= ol AA7A dutd o g A}
&5 A} MeterializeA] Mimics [21]9} 22 <]
EGEAY 2ZEAE AESIA, MRI G2 Y
ERE wu I3 Ay 59 s Aoz 3
@3l 3D 2 2dS FF5 O F o] (translate), 3
H(rotate) A1A F HolE7F XA A JA=H
gt o3l AFsEA Fa HEHY &Y
of o]&st= WHolEE 2@l ARto] A8 ¥ A
o] HEE AV ZAHgA7t v o vioh AdEo] gt
4 F e A U

E =F A+ Landmark-Registration W' [22]
o2 AR OFE HFEAE 717 F HolHE Ay £
FEANA & /M 3D REE HFshe HHE A
ok A daelE oty et Zom, HY dare
& A&37] A 3o FEE 47 Fig. 67 Fig.
7oA HLATh

@Al 1. MRI dlo]EldlA FF RS FZHA A
3D =4S AA3kth Threshold 7] & AME3HA
MRI 7oA =17 °

MRI G74elA 7 RE °l Z Yet=E
%Qﬁ& % 3D 2d Myg & A3

@A 2. MRI HlolE oA F&% 959 3D =2
Mwvrol Al F% 715 otdl & m (i% ), m2 (33)
7} ml, m29] 4 A m3 (25F), & A=TFo]
OFARE m4 (M), m5 (REHS 339 A A
7| o082 A%t ojufe] 57 A Mo e V&
2 #Y" MRI 97l et FAskAl diA ) ok,
$hzto] 2lA) mofzt MRI 29 el uhel g4

(c)

Fig. 5. Segmentation of the pectoralis major muscle region: (a) Select the pectoral muscle area by threshold (blue
color), (b) Subtract the breast area from the blue area and delete unnecessary parts based on b3 ~ b5,
(c) Visualization of the 3D model of segmented pectoral muscle (blue color)
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(a)

(c)

Fig. 6. 3D model registration: (a) Coordinate systems for Myr and Mscan, (D) Landmarks for Mygr, (c) Landmarks

for Mscan.
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Fig. 9. (a) Breast implant front model Myeast and pectoral muscle model Mpy, (b) Projecting Mpreast t0 Mpy, (c) Side
view Of Mpreast and Mpack, Where Muack is the clipped area of Mpy by the projection of Mpreast, (d) Rear view

Of Mpreast @nd Mpack.
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(a) (b) (d)

Fig. 11. Mimpiant @nd Mmoia: (a) Front view of Mimpiant, (b) Side view of Mimpiant, (C) Back view of Mimpiant, (d) Mmold.
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Fig. 12. Breast implant model created by Artec studio 12 :
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(b)

(a) Front view(left) and back view(right) of the model

generated from the input data in fig.3, (b) Front view(left) and back view(right) of the model generated

from other input data,
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