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Study for Mechanical and Physicochemcial Properties of
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Abstract: The purpose of this study is to develop the guideline of the physicochemical and mechanical properties
evaluation for silicone gel filled breast implants. First of all, the use and development status for silicone gel filled
breast implants were investigated, and then, standard and criteria about performance evaluation established by the
international organizations such as ASTM, FDA guidance and ISO were examined. To evaluate the mechanical prop-
erties, data research and testing for breaking strength, elongation, tensile set, joint intensity, silicone gel cohesion,
weight loss from heating, static rupture resistance, impact resistance test, fatigue test, and gel bleed were performed.
On the other hand, to evaluate the physicochemical properties, volatile matter, extent of cross linking, heavy metals,
and extractable were analyzed. In this study, results for general function, mechanical properties and physicochemical
properties were examined and reviewed for the accordance with international standard, and objective and standard-

ized guideline was provided.
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Fig. 1. Silecone gel filled breast implants
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(1) I} =(Breaking strength)
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[1]. J]-‘%l A Ald& ASTM F 703-07 9.2.1.1 shell test

method% (2) breaking strengtho] 7|&% WHoz A|d
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Fig. 2. Testing device of silicone gel cohesion. (a) Drawing of device, (b) Device
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A 92A]d-e ISO 14607 Annex H Silicone release
assessment from mammary implants by an in vitro
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dEo] FEEE Ae gk 2oA % (Simulated body
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S A3 v 109 702 S 10 mLE 33 oS 7
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=2 Inductiviely coupled plasma spectrometer(o]|s}
ICP, IRIS INTREPID II XUV, Thermo Elemental,
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USA)S AH8519.2 1 nebulizer flow 0.55 L/min, auxiliary
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Table 1. Infrared absorption of Si linked group

871 T (em™)
Si-H 760~910, 2100~2300
Si-OH 810~960, 3200~3400, 3695
Si-CH, 760~845, 1245~1275, 2905~2960
Si.CH=CH, 940-980, 990~1020, 1410,
Si(CHy); 805, 855, 1260, 2905~2960
Si(CHy); 765, 840, 1250, 2905~2960

-Si(CHj)2-O- Si(CH3)e- 1020, 1090, 2905~2960
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AN AR dEE] AREPolA AR Aeg ol AgE wekth AP iR 248 717 9
o2z 3 E2 <l isopropyl alcohol, butyl acetate, @A FAE AE7IE AR ARRIIT) o] ZXAYL 1
1.1.1-trichloroethane, xylene, tetrachloroethylene2 £ 24} Al&o] A5} = EA AAE 7hof vy =24t~
Aoprom AAston 1 A7 RE AR AEo] B SAATE G A Yol Sakd slmgeel
A eFeket. A ae|a FRE ke 2ed Aol EAsk Aelrket
Al Ag 283 AelE 18RS Abole] 7t AR <
(2) 7t = (Extent of Crosslinking) AAEE ol=d aupdolt) 7l EAHE A 217t 5 g
sk 27) olite] TRAL Al Aolo] EASHe S 4 Haksln S48 ok (ethanol T ¥4 g 2]
1(a) 1(b)
1@ :
::WW‘MAWN E
: i
@ i U
40 A
2 3. 7lue A3 A3} (a) Sample A 410] =254 (b) Sample B 9] 2&54 (c) Hexamethyldisiloxane (D2) FZ54, (d)

Hexamethylcyclotrisiloxane (D3) #5541,
(D5) #FE4], (g) Dodecamethylcyclohexasiloxane (D6)

Fig. 3. Result of extent of cross-linking

(e) Octamethylcyclotetrasiloxane (D4) 554,

v A=
FEad

(f) Decamethylcyclopentasiloxane
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(3) =(Metals)
Z20] tere =45}y oA A

=

HEQl A3} ZA el A

A ABGY T
fﬂi Aol dhat A B S
‘6]—1:} ¢Jl EU = ‘_xﬂ z+ 5 1—71— Ofl/R]—oﬂ —] H3] /\]7;‘
2Y 9 3<% e CP(IRIS INTREPID II XUV,
Thermo Elemental, USA)2 A}g3to] EA451cH 2<%
gl =a=0] ek gk 7]&S ISO 14949 6.3.1 Metal
contamination®} FDA guidance 4.5 Heavy metalef 1}
o} glou] Alg 44T} 7123 200 mefkg oJ5kl Ale] 7
9 sample A 12.7 mg/kg, Sample B 7.6 mg/kg® & 7|&
Z|of F8ls19d om 100 mg/kg ©]5F2] Na, Mg, Ca2l %2
T Sample A 44.2 mg/kg, 3.1 mg/kg, 8.0 mg/kg, Sample
B 2.1 mg/kg, 2.1 mg/kg, 6.4 mg/kg® 2 7]&X]of 53]
%AcH5,9]. 10 mglkg olate] 712AE AT Qe Fa4
2 sample A?} sample B A|& RFo|A 7|&A] o]3t=
AZEATEE 2).

(4) ==E=(Extractable)

FEEH digt 242 AR stebA QA z]r 1
Fag A=t AU AR w7719 7
Rre B9 e 4 e 2R g 4
9 e BAL o]g27)7]9] ebdA HriSHolA vl F
a5l 2252 A$S FDA 7lold A 4.3 Extractables
of| 4] A|A|3F Soxhlet =&ML A}F&3ke] ZALujol ofet
= (ethanol)¥} H|=/d-81¢] ==Uaik(n-hexane), T
Z 2| el(dichloromethane)2 AFE3F] 37°Col| A 30A4]7F

et vHE =sit}[5]. &S SolAl AJIHL Ao] 385}
Q& BAF 1,500Da o]ake] R 7}ZIL nE 27
of et 574 W AFE drh FEAS FDA 7held A

E 2 4924 A3l 34 2 534 2
Table 2. Analysis of metal and heavy metal in silicone gel
filled breast implants

e 71 &) Sample A Sample B
o (mg'kg) (mg/kg) (mg/kg)
Al <200 12.33 +£0.47 7.40 £ 0.26
Na 42.63 +1.91 1.97+0.15
Mg <100 2.87+0.32 2.27+0.15
Ca 7.80 +£0.26 6.17+0.25
P 5.07+0.25 1.60 £ 0.10
Ti <50 0.47+0.06 Not Detected
Fe 6.27+0.21 3.563+0.15
Sb 0.87+0.32 6.77+0.25
Mn 0.10 £ 0.00 1.10+£0.10
Mo Not Detected  Not Detected
Pb 0.97 £ 0.06 1.53+0.06
Sn 6.07 +0.31 8.10+0.96
Cr 1.63+0.12 1.30+£0.10
Bi Not Detected  Not Detected
\Y Not Detected  Not Detected
Ag <10 Not Detected 1.10+0.10
Co B 0.27 +0.06 0.10 + 0.00
Ni 0.27 £0.06 0.37+0.06
Cu 0.37+0.06 0.37+0.06
Zy 0.33 £ 0.06 0.10 + 0.00
Ba 0.53 +0.06 0.57+0.06
As Not Detected  Not Detected
Zn 1.47 +£0.06 0.77+0.06
Cd Not Detected  Not Detected
TI Not Detected  Not Detected
Pt - 4.57+0.25 6.30+0.10
ofl A AL QU] eForm = 37°Cofl A 304 HAIEI S
H FEHAS EEHS ANES] %%%Qoﬂ oiet &
A ety YT oA A EE5 sdse
o BAE 520 o] 1/1002 HaE w7hx] AP
uREgih A AT it B4 228 5, Su
A, SR BAT, RS 2457] 918 GPC
B4, 7154 AH871S THE BelUsat A et Aol
8, SRR Belisasel g 4T
=

@
Q
2
[0)]
o fo
>
o
pass
ul

0.04%0°]5}2] s 2ok
A3l7] YA GPC B4 HoH/\i HPLC(2695, Waters,
USA), ZZH(Styragel HR 2, HR 4, HR 5 7.8 mm x
300 mm), ©]=AF Tetrahydrofuran, ¢]5<%% 1.0 mL/min,
BXA7E 4580]1 RI detectorS Al&5lo] A|BE HAlSH

Atk 2 FEgulel the BA] W chige skelst



Journal of Biomedical Engineering Research 33: 89-97 (2012)

Ko I A B AlgoA HEEA ddth 7 58
o] et A=AE HS 215t S84l GC/MS(QP-2010,
Shimadzu, Japan)& AHg3kor] 240 ALEE GOAH
2 DB-624(60 m x 0.320 mm X 1.80 xm), Inlet tempera-
ture 230°C, MS+= EI mode, 30~500 amu scan range,
Ton source 2} interface temperature2 230°Ce] 7S
= dAstelon 78 FE8ujol it AEAF RS 2Rl
A = AROA HEHA AUt

VS QAT T 3R HAE Al E A4
[e]

2 Ao %
7ehan glon] 2008dol Q1g-3ue] Telo] Habg pa
= =
=

0O

>~
19,

O 7717] 7IEd A A A Al 2010-365)00l= A
A AFFHY V&AL A=Y A ¢, KS 44
oA ISO H3gE st Al 2 JdF71de] 71414
Y 2ojsiely 543 pel FA7ALS ASTM 47(D412,
D624, F703, F2051), ISO 471(34-1, 37, 14607, 14949)
721 FDA 7toldAzl QltH1,2,3,4,5,6,7,8,9]. 2Lt

A A AdFe e oy o4 52 A4 ASTM} ISO Z12jar FDA Zholel2of thgt 7]Eo] 242t 4
AFOR AF FYRN AL WESP] AT FF A olsel el A AT sol=eiele] AT st
ol AREEE o]AF Qw7724 HAd F sl oA A A QAFREY 7AA 2 =23t AeEUE
Ao g gtrE|ojof gtk AlFoJoFEebdA ] AelEA ¢ fIRt B, 71 29l W AAS fIske] ASTM,
T4uT) PR 2R AR@EIAR, 2011.06.24, ©) 180, FDA 7joldAE Wi, dwsigch. 2472 9 2t
27710 GEE ATEA QTHUE LTS Z zto] A8l E 37 2on FDA sojrlas muel
3. )2 QB Fel 71572 8 289
Table 3. International standards and applications of silicone gel filled breast implants
4 413 &
- A8he 3ot Arhad detiEnio] g B2
Standard Test Methods for Vulcanized Rubber "7 T = S B Rl
ASTM D412 and Thermoplastic Elastomers - Tension Al ?}%'] TR 7 74_] A 574 7o) A= Al
gk 71 &2 AR
Standard Test Methods for Tear Strength of _ _
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