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Abstract

Biomaterials are widely used in human bodies nowadays, but there are still some
problems, for example, biocompatibility with the human body. To overcome those problems,
surface modification is one of the methods that can be effectively used to improve
biocompatibility of biomedical implant surface. The aim of this study is to fabricate the
fluorinated diamond-like carbon coatings by plasma based ion implantation technique for
biomedical applications. In this study, there are two coating parameters, namely, negative pulsed
bias voltage (at three different values, -5, -15 and -20 kV) and gas flow rate ratio of C2H2:CF4 (at
three different values, 2:1, 1:1 and 1:2). First, various physical and mechanical properties of the
coated films on silicon wafer specimens were measured such as film structure characterization by
Raman spectroscopy; evaluation of bonding strength between film and substrate by scratch test;
friction coefficient by Ball-on-disk test; hardness and elastic modulus of film by Nano-indentation.
Those results are used to determine the appropriate coating conditions of F-DLC films. Then,
biological tests of the specimens, which are prepared by coating TiNi substrates by using previous
selected coating conditions, were performed. The results show that films deposited at -5 kV, gas
flow rate ratio (C2H2:CF4) 2:1 and 1:1 reveals good results for all mechanical tests. After that,
the biological properties of the films are investigated by in vitro method, such as evaluation of
protein adsorption on film surface; the corrosion test of films by potentiodynamic polarization
technique; and biocompatibility test of films by DMEM dilution method. As the results, F-DLC
films reviews superior biological properties compare to non-coated specimens. It can be
concluded from this work that F-DLC films fabricated at -5 kV, and gas flow rate ratio of

C2H2:CF4 2:1 and 1:1 are suitable for biomedical applications.
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Plastic Deformation g4 Uatio1f501UNeUNY Beta Phase Titanium Alloys NUMANUNUIIN
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Wan3I9aLIA3Ia319WaNVaIITANILNIZUIUMS X-Ray Diffraction (XRD)

a { @ v J
L a’m%uﬂﬁl Titanium Alloy ‘Vifﬁ@lﬂﬂan Gummﬁ'umug{u&mmi 1 .
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® 32A¥HAN2 Titanium Alloy ﬁ’lf!jWIﬂﬂﬁiJ mmmﬁumuﬁuaﬂmq 1.6 .

Relative Intensity (a.u.)

2-Theta - Scale

d' 9 = A A
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1A v 2 Az
Ny Iasearauuy Hexagonal Closed Pack (HCP) uaaINTUNATo U Alpha Phase

Titanium Alloys
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NaN1SAIIVAOUNITINIILIAIVOANTUIAZVINAVBUNTHI AT Optical Microscope (OM)

] { (J ] 4 1 Y
® a0l Titanium Alloy ‘W‘l?ﬁ@]ﬂﬂﬁll 51]1!1@!%1!N11!ﬂ1!8ﬂﬁ1\1 1 W, HvansuannRae

900 37.36 TuTasuas

Fumiadi YUIANTU(um)
Fiiaii 1 1 45.1
@ 1 mm 2 325
3 354
4 30.6
5 43.2
Lﬂéﬂ 37.36

M51990 1 VAT UVRIANAFLAN 1

= < J ] 4 ' Y
® 2A¥HAN2 Titanium Alloy ‘Wfﬁ@]ﬂﬂall ﬂluTﬂ!ﬁyuNTuf’fHﬂﬂaN 1.6 w3, JUUIANTUAURTY

i 59.5 luTaswag

AR VUIANTU(um)
¥iiafi 2 1 51.6
@ 1.6 mm 2 63.2
3 73
4 47.6
5 62.1
mae 59.5

M15199 2 VAT UVBIAIAFLAN 2

d (Y]
8.4 ﬂi’J‘i]ﬁi’)‘lJ‘m?Nﬂ‘lJizﬂﬁ‘lJ‘YIN!ﬂﬁslliN’m’GﬂﬂﬂeJ% Energy Dispersive Spectroscopy Analysis
(EDS)
@ A o Y o .. . 9 ? ' < A
m@wmmmumﬂ%m Mini screw implant ”lﬂuuumaamﬂu 4 15219M Ao
1. Bioinert material
2. Biotolerant material

3. Bioactive material

4. Bioresorbable material
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"o { & ) 3 o ' .. . :
uadaantientihunldeziluiaangu Bioinert material ¥91sznovlidae

a

. . . < o ~ Y . . 4
- Commercial pure titanium (CP) Lﬂl&?ﬁ@ﬂﬂi%ﬂ@ﬂﬂ?ﬂ Titanium 99.5 % UATTINOUY
1% Carbon |, Oxygen , Nitrogen (8¢ Hydrogen BN 0.5 % pure titanium wlauia

Y o Yo dy A ' . ey g Ao A
anwasalumstnnu ldsudiedelustane (Biocompatibility) NaLegl

[

- Titanium alloy AuTaan
H

a

gU1 M INAR mini screw implant Iagliauilseneunanae

a
3

Titanium Y32118 90% MHaeiily Vanadium 1ag Aluminum lagi] Carbon, Oxygen, Nitrogen

I
e Hydrogen 111 Trace element

[
=1

ANMIIATTIY ASTM F-4 118201509789 N 1991 implant 92119 Commercial pure

q

1 < [ I
titanium UMY 4 1NTAMNUTINUUOY trace element LAZIULN Titanium alloy (11U 2

IN5AN® Ti-6Al-4V 11ag Ti-6Al-4V extra low interstitial (ELD U139 19N 3

Titanium N C H Fe | O Al \% Ti
cpgrade I Ti | 0.03|0.10 | 0.015 | 0.02 | 0.18 - - balance
cpgrade I1 Ti |0.03|0.10 | 0.015| 0.03 | 0.25 - - balance
cpgrade I Ti | 0.03|0.10 | 0.015 | 0.03 | 0.35 - - balance
cpgrade IVTi {0.03|0.10 | 0.015 | 0.05 | 0.40 - - balance

Ti-6Al-4V alloy | 0.05 | 0.08 | 0.015 | 0.30 | 0.20 | 5.50-6.75 | 3.50-4.50 | balance
Ti-6Al-4V ELI | 0.05 | 0.08 | 0.012 | 0.10 | 0.13 | 5.50-6.50 | 3.50-4.50 | balance

Ms1ei 3 dalszneunanil (weight percent) Y94 cp Titanium (8¢ Titanium Alloy

J = Y ad
Nﬁﬂ1§ﬂi’3°’ﬂﬂi’)ﬂ‘ﬁ1i’)\1ﬂﬂ§$ﬂi’)‘lJ‘i’lN!ﬂN%f’N’Jﬁﬁ]Iﬂﬂ'Jﬁ EDS
A A . . Y o Y 1 4 s
® AIA¥UAN 1 Titanium Alloy HUIRANDN VUIAFTUHIUFUINAN 1 WY, Uaulsenou

mqmﬁéﬁmsnﬁﬁuéw

Wight Percent Atomic Percent
Element ﬂ%ﬂﬁ 1 ﬂ%\iﬁ 2 ﬁla'ﬂ ﬂ%\iﬁ 1 ﬂ%ﬂﬁ 2 ﬁla'ﬂ
Ti 80.45 80.40 80.435 90.00 90.36 90.18
Mo 9.94 10.09 10.015 5.64 5.36 5.50
Sn 9.61 9.51 9.560 4.36 428 432
Total 100.000 100.000 | 100.000 100.00 100.00 100.00

a ' = A A
AN 4 muﬂsxnaumqmmmmmuﬂw 1
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a { (% 1 4 U
® ala¥laf 2 Titanium Alloy ¥rhaanay viadusuguenan 1.6 wu. Jarulsznou

MAATAINITAIUA

Wight Percent Atomic Percent
Element ﬂ%\iﬁ 1 ﬂ%ﬂ‘ﬁ 2 Lﬂ?;fl ﬂ%ﬂ‘ﬁ 1 ﬂ%\iﬁ 2 méﬂ
Ti 100.000 100.000 | 100.000 | 100.000 | 100.000 | 100.000
Total 100.000 100.000 | 100.000 | 100.000 | 100.000 | 100.000

a 1 = A A
MINN S aavilsenounmanlivesalasiian 2

8.5 mswﬂaammﬁwaﬁmm
< 2
ﬂTi‘V]ﬂﬁf)‘ULL‘NﬁQ L‘l]uﬂﬁ‘nﬂﬁ@‘u%uQWHﬂﬂﬁﬂ‘UﬂﬁJﬂﬂﬂiﬁWu JIS-Z2201 No.9 [5] Tﬂﬂﬁ

AoMMUANUAITIIN 1.6 HDINNMINATOUHIAIANUAIUUTIAIGIFA, ANUATUUTIAIATIN,

I 3 J A v o A 1
BRI R llﬁgiﬂﬂaﬁmﬂ\iﬂ?]llﬂﬂwqu

= Ferer :

L

L
P
Unit: mm.
Gauge Length (L) Distance Between Grips
(P)
100 150
200 250

] v :
M3190 6 mmg1uGuawmmﬁﬁmﬁmﬁammﬁmm JIS-Z2201 No.9 [5]
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0 Yield strength (MPa)
< 1200 -
% Ultimate Tensile Strength
S oo  976.99 (MPa)
=4 895
% 851.06 825
S 800 - /
o
= E
i 600 - /
= /
c
o
% 400 | / 348.83
[}
@ / 235.05
2 200 148
[0}
£ 7
= o x
-4 -4 032N anzonAmamndive HueIEq
vUAN | YUAN 2 (Compact Bone) * (TI6AI4V EII )***

ﬂ‘ﬁ 6 1WSsumeu ﬂ31uﬂ1ulliﬂﬂ\‘]ﬂi1ﬂ (Yield Strength) ae ﬂ31hﬂ1ullﬁiﬂﬂﬁﬂﬁﬂ

(Ultimate Tensile Strength) m@aﬁ“ﬁ@ﬁmuuazﬂizﬂﬂ

120 - 114
. 1001
]
o
Q
n 80 -
=
=)
B 60
=
7]
i) 40 3465
7%
18.51
> 0 \ 13.7
0 N I\
~ A ~ n3zan qwd
¥iiaf 1 ¥iah 2 “ . AFINIIRNTE i S a0
Wuns (TIGAI4V EII y¥**

A 9

51U 7 nfieuiisum Tugaannudangu (Young’s Modulus) ¥e33a@isuau

HaznszenlunI

* Compact Bone 19 ﬂiz@ﬂﬁ’mwu (4]

= JayanINauINe[1]

q

I Y v . nm 9
ok Lﬂumﬂlluﬁiﬂﬂﬁﬂ‘ll@]"’llﬂi Ti6Al4V ELI Ulnnﬂﬂﬂﬁﬂﬂﬂ?ﬂﬁﬂg (MARUIN N.)
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S 40
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gﬂﬁ 8 1aiIFUANITIAAD (Percent Elongation)
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a L A ' e . A o = a v ..
8.6 M3USauNeUNUAITZYI19 Screw  mini implant NMMMNIIANAYINY Screw mini
a d
implant NN IUBE
X a Lo { o o ..
1INNTATIVAOUANWNUHIVDY Screw mini implant NMINITIANAYINY Screw mini
. a 4 &} a 1 . . !
implant NIWIUYY Tagas a0 UNUAIMIUAGDY Scanning Electron Microscope (SEM) W11
[ j’ Aa { o (3 ' e e .
ANYULUVDINUHI Screw mini implant NMNTIANAEINANHULHIIUNIT Screw mini implant
a ¢ o A A 1 2’, I A j’ AAa o o 1 ] [ A
NUIAUFS ANHAUZVDIAINHIIVANUUILUMTINUNUNAITURTTZHINITITNANTOUN
1 ' o q ¥ v Aa X o L. A A E aq 9
g 1u319Me M 1HMINANTOUNINATUND Screw mini implant VNNNINUY [6] 1530151 uns
% . Q' ‘%I 4’ a d‘dw = =S L= d’d
UU Screw mini implant INNUYUIHBININAINTANBULHEIVILTUTUTIAMUNINANAINIT O

4 1 1
uona NN luvazNIINITTY Screw mini implant #INHEIVO1VUNTHIADONWIVDIAYIAG
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1 Y a aaa ' g 4 9 a2 14 9 [ P Ay 9o ) =)
fﬂ‘i]ﬂﬂﬁlﬁlﬂﬂﬂ;]ﬂ'ifﬂﬁf]mf]w’é]“ll'l\uﬂﬂ\‘]llﬂ @113U Screw mini implant nlavimssamnaen
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Mag= 35X Signal A = SE1 Date :14 Mar 2008
EHT=10.00kv WD= 11 mm Photo Mo. = 1152 Time :18:48:07

(N) MaIvee 35 1M

Mag= 600X Signal A= 3E1 Date :14 Mar 2008
EHT=1000kV WD= 12mm Photo No. = 1153 Time :18:51:40

(V) MaIveE 6001911
d' a P Ay v =) =2 o w 1 J
517 9 AN Screw mini implant IR0 INMTTANGAY? 2 Mdeves 35 mMwaz 600 W Iag

o 1 o ¥ 1a ¢ @ o w
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Mag= 35X Signal A = SE1 Date :17 Mar 2008
EHT = 5.00 kV WD= 8mm Photo No. = 1186 Time :21:50:45

() MaVEeE 35 1M

Mag= 600X Signal A = SE1 Date :17 Mar 2008
EHT = 5.00 kV WD= 9mm Photo Mo. = 1188 Time :21:54:26

(V) MAIVEE 600 (N

4‘ a - . A k) = = o v '
31J°n 10 @NINHI Screw mini implant ‘Vlulﬂi]'lﬂﬂ'liiﬂl,ﬂaﬂ? WU NIAIVYTY 35 INAL 600

1 [ ?J 1a 4 [ o w
WnTﬂEJ‘]JTUGNLHJWﬂJWLLé}’J muaﬂﬂugﬂ (D) 18z (V) MuaaL
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Mag= 35X Signal A = SE1 Date :14 Mar 2008
EHT =10.00kV WD= 13mm Photo Mo. = 1148  Time :18:40:32

() MaVEeE 35 11

Mag = 600X Signal A = SE1 Date :14 Mar 2008
EHT=10.00kY  WD= 12mm Photo No. = 1145 Time :18:32:42

(V) MAVEY 600 1N

H a a a o o w ' ' v
gﬂﬁ 11 a9INWWI Screw mini  implant (FIWIULBY U N1AIVEIY 35 INAE 600 1N1A
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iolSujeauiiavesruaulaed5n151a0 VAU Diamond-like carbon (DLC) BIHANS

£4
(2

v a A = =
NATDUTNUAVDINUAADUUAIU
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8.7 MINATUANTANMIMYMINIAZTMINAVDINAAGDY
a 4 [ 9 a A am
HAMSANTIZHIENEUL InTI9519999H AU 1A82T Raman spectroscopy
I ax A A ] ®R o ) a
Raman spectroscopy HJuIsnaaaunangalumstsuendianyue Inssaiauedin
A 4 L I axdAa 9 v ~ [ [ Y a A
waoumiveu Fuiluishteuldnumnigaues luhareansuznlassadnvesdiuniou
J 9 o Aa A ' ) ' ] A -1
MIVOUAIY  ANHUZVOIHUAAOUAITUBUNI 11)920g 11529 Raman spectra 7l 800-2000 cm
Iﬂﬂﬁi}ﬂ@jﬂfjﬂﬂlﬂﬂ G (G peak, Graphite) 112z 3AgIgAVDI D (D peak, Disorder of graphite) i]x’e)gj
{ - - o W a 4 g’/ a
1580 cm” waz 1350 cm’ ANAIAU [71  JUMSAATITHANANTNATDUVUUIZHITUIN
= @ 9 a A [ A o A 3’;
Twaavaainislasunlasdnvas Tassainvesdunaevaansluzli 12 Fanavua
kY [ zgx’z o dy
A28 3 TUADUAIL
Y A : 7 . < I < o
dun 1 mlasulaseadrannuns e (Graphite) 1Wunns IWdninanvuadnlusedumn
Ty (NC-graphite) lailiansazInsaadia sy (@A139RIT89AY0902ADNLUUNTITNTN,
tetrahedral) Nuaanvazlasaaiiasp’ (INIIAGHIAIVDIDLABUUV VA INIMABUULUIIY,
. A o ' A da! -1 2 -1 ' g’/ ' =
trigonal) TABNAINUIVOS G LNUUUDIN 1580 cm 99 1600 cm L@z A1 [(DYI(G) AdLA 0 D9 2
Y A { I < o < 7 y 1 &
vun 2 msfasulassarannuns lWandnanvinadnlussauun Twdluaiveondn ludhy
o ] ] 3 4 o 1
AN (amorphous Carbon, a-C) Hanyme Insaa31e sp’ oglusae 0-20 lodidua Taedidumiig
v
V94 G aAA9910 1600 cm' 99 1510 cm’’ tazA (DY/I(G) aAagAILA 2 D4 0.25

% A = ) s Ay 1 g = 7 Ay o1 g 2 Aa o
VYUN 3 ﬂTﬁ!fiJaEluiﬂ‘i\‘]ﬁ‘i']\'i%'lﬂﬂﬁ‘ﬂf)u‘l/lhlmﬂuﬂﬁﬂL‘IJuﬂ']i‘UE]uﬂuliJLﬂuWﬁﬂﬂiJﬁﬂ‘ngﬂ'li

v A (2

AITE9AIYBIDEADNUUNTIFNI (tetrahedral amorphous Carbon, ta-C) Hanvae Inseaiig
3 ' 1 -4 A o ' A 2 B -1 '
sp’ 0114529 20-85 1odiFud TasTdmUNUIVE G NVAUIIN 1510 cm” D9 1570 cm” HazA

I(D)/I(G) AAAIAILN 0.2 D90

graphite I N{'-l_-ru]ilmcl [ a-C | | ta-C |
1600 |- ______,Pa-"‘ :
= |ﬁH““"'FP-:|T:I-“_"E 1 "'-I:t_'\'T'L‘ 3
e |
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eraphite NC-graphite a-C ta-C

— 1 > — ) »— 3 >

51U 12 Twmanaasmsn/asunasdnyus Tnseasavesdaunion DLC [7]

~ I a 4 @ 9 a A 9 ag
vngUd 13 1fumsinsignidny e InT3a519U09W AR UAI8TD Raman
a 4 I (= a o 9 . o
spectroscopy waz s zeenuudsunanssdnavlasls 1Usiunsy Raman analysis AITUID
[ { 1 o [] A 3 - a 4
auaadluas1ai 7 Wua @ uitaed G band LALIIN 1542 cm”' (-5 7 Ta1aad, C,H,:CF,
=2 -1 a J @ 1 A da! =2
2:1) 091573 cm” (20 A1aT2ad, C,H,:CF, 1:2) 1agoasidau I /1, WuIUIN 0.47 03 1.73
v v v Y
Fe0g1ue29 Stage 2 aanaaalugdi 12 maiuIuvesnnuandnd IdfhuazdSum
A A "o Y A Ao v 2 2 o ¥ 3
Wgoesulinanodnyus Inseadwdelanyme Tnsead1a sp” MnTutazanyme 1ns9asi sp
i Y H Y
anauilonuaednd ihwazSuarlgesiugeiu Taelanymz Tnseas1a sp’ uag sp’ Wu
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w9 1asea319uns 1@ (Graphite  structure)  uazIaseadrauns Iidn lidluseidioy
o U QU 1 g {
(Disorder of graphite structure) AUAAY Lag 1,/1, Hiedsasauvesiunldnsvlves D
v Y
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3 o A = A Aa A 1 ) < [
waz sp iutladenucuendeantiavesdundon 5u anudunieu anuudaas Tugdd
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anudangu 1udu
lumanguf mamilenihldinalaseade sy’ aunsomldlaomsmundsnulesoulag
maiiuanuadnd i uadmamuanuadnd ifhunawnull ndwnlessusin
o o { < o & '
Wanelaseada sp  nagsi I Inssadwalaounn sp’ lihilu sp’ [8] Awiuaunsoagyldn
1 2 4 A 1 [ J a <
G band uag I/, Imgevuidieiiuanuandndliih dwwalddundeniilassadailu
4 2 1a { 1 o a I @ I 4 '
uns Iduniu uarundouianuaednd i 20 AlaTiadtidnuaziluvquiioassde
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ndosganssanasuanslugli 14 Fufavinnsianadon lasunaeanuurnnu
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uonMnUMsNuAIuvelsnugooiudiainald G band naz I/, Iagedu dewaldil
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Intensity (a.v)
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d . . h .
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Abstract

The objective of this research is to improve sand blasted surfaces implant from titanium
metal alloy grade Ti-6Al-4V because it can lead to the early aseptic loosening after implant
surgery. Many sources could be the causes of this phenomenon. One of the most possible reasons
is the metallic abrasive wear particles due to fretting fatigue of implant surface. The generation of
particulate wear debris is the result of surface contamination from Alumina and Silica blasting
media apply in the surface roughening process. Our aim of the study is to decrease the surface

contamination of alumina blasting particle during the surface roughening process.

In this study, the Alumina- and Silica blasting media are applied to modify the surface

similar applying in the commercial condition. The surface roughness value by blasting with
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AI203 is greater than blasting with SiO2. Their values depend on the size and morphology of
blasting media. The effect of blasting process improves the mechanical properties e.g. hardness

and tensile strength. However, this causes the particle contamination and subsurface cracks.

The electropolishing process for the Ti-6Al-4V implant can improve their surface
performances. The blasting particle contamination (A1203- and SiO2 Residues) and subsurface
cracks can be eliminated without decreasing the hardness and tensile strength. This method for
implant surface modification could be transferred into the conventional manufacturing processes.

The other advantage effect of the electropolishing method is the increasing corrosion resistance.
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H 1 aa J
511 7 dnvazgisvessamennlea (sio,)

q' [ A Aan o .
M3 4 aauszneunmanil “lfaﬂW’E]’E]ﬂhlclfﬂ (SlOz)

Element SiO, Fe,O, AL O, TiO CaO Na,O 71O

2

Wt% 99.71 0.03 0.10 0.09 0.01 0.18 0.02

2. 1a3039arIM Il und

mseonuuiaies Tunssuiaguau fesmilidenunanunazufwsuitosonguay
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syduAnUaRveIT ULy Electrolyte Y &ot1eazidoamsrzanuanvearuauly Electrolyte
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A A o )=} a
3. IAT9NUDIAANNITIUNT (Profilometer)

o 2 A a v a 9 9| = @ = a k4 A
‘1!']"]1‘1!\‘]']‘1!71N'I‘Llﬂ'lifN‘VIi'IEJngﬂ'li"UﬂN'Jﬂ'JfJUlV\IV\hmiJ WIAANULTIUNI AYLATDY  Surface
roughness measuring instrument ¥iia Contact stylus profilmeter §' U SV-2100 UTHN Mitutoyo

{1 @ { v o 4 I 4
Uszmaiiu aagili o nanmsanuAToInadeU Surface roughness 1HUIAT0INATOUAIIN
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Z-axis fine-adjustment
knob (0.67mm/rev)

X-axis fine-adjustment
knob (2mm/rev)
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. Connector unit
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4. 1AT9IUBNAADUANULAUY (Hardness Testing)

° g 1 o a v a v 9 = 1 < = Y

HIFHNTUNBUUASUAINTTIINT 8 LLﬁZ*UﬂW’Jﬂ’JEJ‘lWV\h!ﬂN UINATDUNINTAITNLLU “INGlG]Sﬂﬂ
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nadoy uahIninasesgual01TUNFUOU TaglHia3es INDENTEC 5U 8150 SK Uszind
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! <
gﬂﬁ 10 IATNNATOUAINLUUY (Hardness Testing)

5. In30INAAUAVLANIING (Tensile Test)

Y i a v Aa o
MFUAUNAIUNT Machining 84310 nazdaninia Iiiuall wiihimsnageun
auliAn1ana AI01ATEINATOY Universal Testing Machine @¥o Shimadzu éu UH-F500 kNI
Usgmagiifu  dnvazvounToInaaauLsIng aa3la 11 () drudsznovuazmsinauly

FLUVINTOINATOUNTIAT 9317 11 (b)

gﬂﬁ 11 (a) IATDINATDULTIA (Universal Tensile Testing Machine)
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.- o High precision pressure @ Servo amplifier
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= | @ Load meter { Loading cylinder
e Automatic load control 0 Extensometer {option)
panel @ Extensometer amplifier
o Manual control panel (option)
© Load selection panel  {B) Sepecimen
@ Load calibration panel @ Hydraulic pump
@ Electrohydravlic servo () Memory card
valve
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6. ﬂﬁIENﬂm/]iiﬁuﬂmﬂﬁiﬂmmuﬁmﬂim Scanning Electron Microscope (SEM)
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1 Ja 3 1
51ii 12 ndeaganssANBEAATOUILVTDINTIA (SEM)
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1. m‘%maﬂﬂ1m1umaﬁnmmwaa’"lvxl%1mﬁ (Instrument for measuring cell potential)
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1. M3U501/59HIFUUA8ITN1589N510 (Sand Blasting)
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Al f %j
M3190 6 aunauveiennll (Electrolyte)

Sreudi AIUHTY SIEETRLY
1 Perchloric acid 60% 200 ml
2 Ethanol 96% 700 ml
3 2-butoxy Ethanol 99% 100 ml

o g U . . { o Y v A 4
inheuall 1 ldlunsuzussy (Electropolishing bath) N¥hnnuia  lumsvarieziingos

o A [ I A 1 d'ay =1 1A 2’,
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Funurumsdimedae nszua lulih nm
[A] [s]

ALO, (A16) 3 120
ALLO, (A60) 3 120
Si0, 3 120
ALO, (A16) 5 150
ALO, (A60) 5 150
Sio, 5 150
ALLO, (A16) 6 180
ALLO, (A60) 6 180
SiO 6 180

2

3. NAADUANIANIING (Tensile Test)
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4. NAADUAIINLUYY (Hardness Testing)
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5. NAFBUMINANIOU (Corrosion Test)
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< {1 . o 3 & H
U Tangfiia1 Electrode Potentials (E.P.) @1 921iluinan1lse uaassialuaisien .11 Tagly

Yy Yy

=S =S 1 o Aa A a A o
éummlawmqumulmmﬁ&lmmmﬁumuﬁuﬂﬂmd 10 Waauas 817 20 Waatuag UIU

Yy H
3 FUADNQUAIBEI AN 20

M135199 8 Electrode Potentials

Element Iron Electrode Potential (Volt) | Hydrogen Overvolttage
(Volts)
Magnesium Mg% -1.87 (Base End) 0.7
Aluminium N -1.35 0.5
Zine Zn” -0.76 0.7
Chromium cr’ -0.6 0.32
Iron Fe’' -0.44 0.18
Cadmium cd” 0.4 0.5
Cobalt Co” -0.29
Nickel Ni 0.22 0.15
Tin Sn”’ -0.14 0.45
Lead Pb -0.13 0.45
Hydrogen H 0.00 -
Antimony Sb™* +0.11 0.42
Copper cu”’ +0.34 0.25
Silver Ag’ +0.8 0.1
Gold Au” +1.3 (Noble End) 0.35
Oxygen OH +0.4
Chlorine Cl +1.36
< 200 11, - l
910Uy,

T

' v
51Iﬁ 20 FUNUNAFTDUNTNANTDY
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Y Y H J
11INMINABBIVBITUIIUNT 9 gy wunlumstarmmeilunll - Aanwaredng Trldh 25
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T2ad FUUNAIUNMIEINTIO (Sand blasting) #18 FAN (Si 0,) , 02U Al, O, (A16) 1Az

1 % =) 1 g Q {
92111 AL O, (A60) A TUMITARINNANDYUIATVDIFUIIUAAAY AILAA A3 10
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M319N 10 vinayununasu llvanmsvarinie luiuail

Fuadamiode Ad nanlumsiyan

W, N
Al, O, (A16) 0.094 120
Al, O, (A60) 0.080 120
Si0, 0.090 120
AL 0, (A16) 0.101 150
AL O, (A60) 0.108 150
Si 0, 0.106 150
Al, O, (A16) 0.125 180
Al, O, (A60) 0.120 180
Si 0, 0.119 180
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3. MAN1IIAANNGIURD (Surface roughness)

Y
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M3519N 11 #aN15IAANVIS IR (Surface roughness)
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FUNUFIUMITNA ( Milling) 18.290
Milling+8ans18a00giitionesnloq (Al6) 17.050
Milling+84n518820F801 (Si0,) 13.460
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Milling + 8an318a0egiitiionoonloq (Al6) + daranie Trlilunll 11.838
Milling +84N518420Fa01 (Si0, +iarae luiluadl 2290

4. HANINIIVADUTUFIUYDIHI (Morphology )
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Abstract

Nowadays, implants have been commonly used to replace a missing biological structure
or to support a damaged organ. Although these materials have been tested for their
biocompatibility, often times, they initiate undesirable host responses, for example, inflammation,
bacterial infection, etc, leading to complications which sometimes can be life-threatening. If
detected early, the inflammation can be treated and prevented from developing into any serious
complications. Early detection of inflammation can be done by measuring extra protein or
inflammatory biomarkers released from the site of inflammation into the bloodstream using a
traditional method such as enzyme-linked immunosorbent assay (ELISA). Although this method
is accurate, it is expensive and labor-intensive for routine clinical use. In this study, we have
developed a miniaturized immunoassay platform for the measurement of an inflammatory
biomarker, IL-18. Because the immunoassay was conducted in a micro-scale, the reaction rate
could be much higher and the reagent consumption was low, leading to faster detection and

inexpensive measurements, respectively. In this platform, the capture IL-18 antibody was
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immobilized onto a microscope slide using a covalent binding method before the analysis based
on a sandwich immunoassay. The measurement interval of this system was between 25 to 1,000
pg/ml of IL-18. The coefficients of variability (CVs) were found to be less than 10%, indicating
the good reproducibility and repeatability of the system. For a proof-of-concept study, plasma
samples from patients with acute kidney injury were used. The measurements from the slide-
based system were validated against those of ELISA to determine the diagnostic accuracy of this
system. The levels of plasma IL-18 measured by both systems were highly correlated (" = 0.99),

indicating that this slide-based system has potential to be used as routine point-of-care system.
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Tagly ImageQuant TL v.2005 software

6. ANWFBDOVDIFANTIVIA
] d’ A 1Y dy 9 LY a Q( d' .
anuiuredovesgansIviniig lnanaiduilsz@nsanueuny (Coefficient of
an Aax 3 @
Variation, %CV) %0477 intra-assay Q% inter assay 1A@N27F intra assay (1UN15IAAY
o = v Aas . 3 axa
awsnvesgansa lumsldwagrlugansia@ernu lusmeas inter assay 9217035N
=} Ay v 1 o dy . dal o Yo 1
nien Weunai lnangansreaisganu Tunmsnaasslignasig glass slide Haziiwnldian
Yy 9 ' 9y 9 1
AN g uve Tl Ay IL-183 Mmanududune (50, 100 waz 200 ng/ml) Tasuaazay
Yy 9 o o & 2 4 9 o . 2
i 9xIMITananua 20 A59 e ldlunsmuIn %CV 404 intra assay 910UUAIIY
Yy 9 g v & o . v & I
Y ¥ T1/5AU IL-18 19 3 AUUIAIN glass slide 5 YAATID 1AGIANINUA 20 ATIAD 1 %A
] 9 v
o o ' . J v o Yy
A3 1HONINAINIUAT %CV VDA inter assay 1ABA1 %CV UumLIA Idongash 1
Btandard daviation
%CV =————— <100 (1)
Maan

uonnAANNTeuUULd) wanianaasan lasau lFlumsdiuiaainuia

a1 lun133a (% error) TagA1IpINgATN 2

maasurad conc.- actual conc.
%Error = =100 2)

actudl conc.
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7. AFINUAIDENINATTN
o 1 A Y dy I (% ] ~ T 3 1 v A a
aroganlglumanaasstitludesrawaraunuiuilu 2 nqu nguusnaeauind 20
o 1 1A I 1 Y o a 49! U o 1 A Y I Y 1 FA
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4 1 <3 @ 1 a 4 a a Y]
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Y [ 9
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a a A I =] a = &’ a 1 = a S 9 Qddy
peuAUeAINeUNITATIBUAVBAAIVUNUAI NUIINMTATIBUAVBAAIEIT U Tz a1
o [ 4 { g’./ I 4 $ 1 1 a wa @

anuduied mnualsuaiesdlonldimiuaiecdion hilatiogludeslfianisnag la

S A Y J =\ A dy ] =2 o Yy
UONINUUMTAADUAIENBINDUHINTIANAULDININNDIVUTIABYAADAIAIIIMN 1HUAN

Y A A ' A o Yya o & Ya o = A aa = A a
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S 1 F) ?,’, o 9 ax ad R =
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a ay yas o A =< yax 9 @ 2
LL@H@]U@@“@LﬂH%WH?HNWﬂﬂ@ ﬂﬁ@]i\ﬂﬂﬂi“ﬁ’)‘ﬁ covalent attachment @1HTUITUUU (TULTN
Y

WUAIYDY glass slideﬂggﬂ‘]Jﬁ‘UﬁmWﬁ”JEJﬁﬁLﬂﬁﬂQu organofunctional alkoxysilane (¥U 3-

. . . A Y a S ¥ . Ao ' ' o
aminopropyltriethoxysilane (APTES) e l¥inam s usuves silanehiinnudes laemsi

9

Ufn3e1 9niude1Fa15a7 lungu homobifunctional crosslinker 131 Glutaraldehyde (GA)
%30 heterobifunctional  cross-linker 1% 1-ethyl-3-(3-dimethylaminopropyl)  carbodiimide

. ... < Y A 1 = @
hydrochloride (EDC) 148 N-hydroxysuccinimide (NHS) 1Hudau lumsiyonszniellsauny

2 A ' .
WUAIUDA glass slide 1o 19 T sAUAMNITOYNATIUY glass surface lanag1lh
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SURFACE ANTIBODY
FUNCTIONALIZATION ACTIVATION
Borosilicate Glass Fat\ /
PZT
[ I Fc
COOH
| Cleaning (MeOH/HCI, Sulfuric Acid,
Sodium Hydroxide, Distilled Water)

o l
J 7 \/

Fell ©
Silanylation
11 (APTES) o
+NH
= Ila Activation (EDG + sulfo-NHS}
(CH,),

H,C—0—8i—O0—CH,

7 7 Faﬁﬁ;;}
7

o)
11 % Fab

Ye

c-0
-

(CHy),

H,C—O0—Si—0—CH,

o

e |
- %

g‘ﬂﬁ 3 1aNNISNISAT capture antibody a4UU glass slide

as ] J o . 9 d‘ tﬂy a
AasnndounylInFuLY glass slide a111509 Iaanns)deuntlasiufdives glass
o [ I @ y 1 %’
slide 9118 Tagn137A3W contact angle (Hudruonanuldsunilasniesnnuyen liin
Y 4
)hydrophobicity) {8& ANFBUUI )hydrophilicity) VOIANTNNUAINY 137931 contact angle
kS o ?:’ dy a Y o [ ' dy a o %’
nuih'ld TaemsveaiasuunuAd¥mMs IayusgHINNUAINUKEAN 1IN contact angle
a1 1 a 9 a g’/ YA 3 . ° 1 dy a g’/
NAWINNI 90 B3N HIIsHAUUTHD01IU hydrophobic ¥1NA1N2190 BT NUHIUUYL
=] [ 4 a 1 g’/ I { §
{5331 hydrophilic W131A1 contact angle Yo uAIA1 iU Ta g 4 naz a1s1ah
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C. D.

¥

4 2 Al a
4 gﬂﬁﬂﬂumuﬁummmuﬁaumm ﬂlf)\‘lﬂﬁ@l?\‘lllﬂuﬂﬂﬂa

o
=i
=).

A. glass slide
B. 839 1NUFAY APTES
C. a9l n3enny SAA

[ =2 9 a =
D. ada1nnNITATINYLDUA VDA

4 ' &’ a . v & 1 a
msnﬁ 3 13U contact angle YDINUNT glass slide ﬁawumumm°lumm§m@umua?1

&’ a é"lqglljﬂ \B% |4 = a =
WHANI 1508 APTES BN SAA I UAVDNA
Piranha
Contact angle 17.5° 56.7° 49.6° 75°

9
1 Aa [ I
NANANMINAABINUIT WUAIVDY  glass slide WAIAWAIY piranha  UANMTIY
e 4 ' Voo 4 . g 1 AR
hydrophilicity 1499 1AYUTAEININ (17.5) 1109910 glass slide Uinganduilulaason
a o A %,‘ A "y ] S A 9 =~ I
Fa (-OH) FalnnuroUIN Wonddre APTES wiiansui laazlinnuilu non-polar 110

da! A I~ [ PR ] T A %’ v A 9 ] .
VYU Lummmﬂuwuﬂm%uﬂwq‘l LL@]ﬁNiJﬂ'ﬂ?JG]fﬂ‘UUWJQLH@Q%WﬂﬂigﬂﬂUﬂ'Jﬂﬁy’ aminopropyl
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‘Nllﬂl‘l]uﬂﬁJNﬂﬁ\Wu (56.7) uﬁmmnmﬂaauﬁyﬁﬂﬂ%ugﬂmmﬂwaummﬂmu NANIIN
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{ o a a v 2 J { 1 . < 1 .

Mlfnsenny SAA Fuilumsn)aeuny aminopropyl 1¥nateilluny carboxylic (-COOH)
] A 2 A 3 1A A 3 ' v & 1] 9=

anuyounIzuINNwHesnmtumindanuiu polar uan1 aaiuyuildssanas

k)

2

A 2 '

I (% AN Yo =< a = ' ' AN YA 1
L‘]J‘L! 49.6 ﬁﬁ\‘l’iﬂﬂ‘l/]ul@wnf]ﬁ@]‘iﬂll’t]uﬁﬂ’E]ﬂ NI A1 contact angle ‘I/Iul,ﬂiJﬂHWWquJEJNMWﬂ

a & oA & A

4 a I A o v %} I Y o
Heennueudved Hudeiluasilianyas liveuih taziilu non-polar Aariiiesinms

{ .S
ARPUATAIUY surface UAD contact angle 39 1ANMI/asunilaann hydrophilic 11y
hydrophobic 0819FAL U

H 1 [ [] [ 1 g// I~ 1 a
M contact angleNupnaanuegaFaulumazTunauuaadlfifuIlnne

a Aa zg &l a a a 1 U =K
ﬂgﬂsﬂwuuuwummq LRASINABYINNI

YUAVD linker

v
a [ Y

S 13 L A 1 o
EDC uag NHS Hudo il linker M¥ouse1IN glass slide AU LoUAUDA AIUY

ya o

[ ' 9
Y51 linker N1F0linnudinyaslSunameuauednimeed Tumsnaaestigivelaviing
a Aa 1 g o
Ao UYsTANTAINUDY linker 5¥11319m 3519 linker N1 EDC (20 pg/ml) iesansiden iy
[ Y
linker Ns¥noUAIen EDC (20 pg/ml) wag NHS (30 pg/ml) Taelsf5una capture
antibody 9 10 pg/ml uag 100 pg/ml
Mnwamsnaaeeluglf 5 wu msld linker Nsznoudls EDC ag NHS Trianw
9 = ' T 3 A . Y Y o A = 1A
LUNLLEY fluorescence wqqmﬂmwmﬂuw capture antibody AMUNTUATNIDYN Fuilany
capture antibobdy 1194 11A01fn387 (active) 11NN 1IN NHS o7 1Rmstuiuves
o a = ] 49@} ~ é’ 2K o I Y I . A ]
EDC AuueuAuefuuudy waziddesuniudai v laidlu  capture antibody 17941260

9 9 £4 v
Ugnsennnni auiumsnaassauaiiae 1oz 19 linker N1sznoudas EDC uaz NHS

500000

2500000 -

3

< 2000000 -

g .

£ 1500000 -

£ \

€ 1000000 = EDC
1 2w EDC+NHS
s

=

=

=

§
.
.

10pg/ml 100pg/ml
Capture antibody concentration

51 5 aAnudunasvesgoaisdimudn 1@ linker 11U EDC 0619187 118z EDC + NHS
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ANUTNTUUMIEaNYEN EDC + NHS
I 1 'o [ a

ANuTNTUYeY linker Wuaundinylumsasweudved uenvnez lduna
a aa Y v o Y .. a = 1A Y g o 1
weuAveAnINUdY duilR activity vesweuaved lidelldre Tasmsnaassiiaziam
anu Wunaslgessmsudiominanuanududuves EDC + NHS 910 0.1 mM EDC +
I 2 g A Yy Y g 1 [
0.25 mM NHS (11 2 mM EDC + 5 mM NHS #uiumsiiuanusauduang 20 511 wuna

oo 2 P {3 og
anudunas goessaudmuauielFanududuves linker M (310 6) Fuilulil1d

v
= a

1A . é’ o Yo o A Ay @ 9y d‘y a g

NTf51a capture antibody NWuAINIUTIRIUAD TUsAURRRINS YA ldnau mailu
. tg < o 1 4 1

Aanudunas Ngetu wnladaiuielin1s 1y capture antibody NANMAUAIUG (100 pg/ml)

Pnawesh Idvelinnudugauuiieanniitsum linker Woanofoz 14900y capture

antibody 711000

1600000 -
= i
3 1400000

ty
—_
]
<
[ww]
<
[ww]
<
1

1000000 -
800000 -
600000 -
400000 -
200000 -

0 i

m 0.1 mM EDC and
0.25 mM NHS

2 mM EDC and 5 mM
NHS

Fluorescence intensi

10 100
Capture antibody concentration (ug/ml)

51 6 armdiuuasvlgessawudiiold 0.1 mM EDC + 0.25 mM NHS i1 2 mM

EDC + 5 mM NHS

ANUTTHVDY capture antibody (Anti-IL18)
Y 9 . X a ¥ o o o ' Yy ¥ Y a
ANVANUVUYDY anti-IL18 VUNUHIUUUANVAIAYNIN ©INNANVINUU DU
o _ s o . A Ay (2 &
Tz 17 1@ signal Adh 1@ A1 limit of detection A WinlFaNudutuannnu lunvtlu
& A ' v ¥ 2y a ) . A
msaulanslaglarg AIUIIABINNMINIANUUVNIUYDY capture antibody MKz Tay
= 2 o 4 Y . N
Tumsneil agyhmsasuanudnduae anti-IL18 Adua 2, 5 tag 10 pg/ml taznfsou
=\ 1 9 < o ~ 1 9 S A da! A A
MeumaNuuEIngessasuaaIzln 7 nunanuwtaavgess AUV MNBINY
Y g . < ) D) g A )
ANUANVUYDY anti-IL18 910 2 pg/ml WU 5 pg/ml uaNANUAVLEIUUAADIUNDAINIUN

A g g A A ! . ° .
iy 10 pg/ml NetliHeIINAANUTUTUYDT anti-IL18 @1 151UV capture antibody
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& v Al X 2 yud . Pt A gy . Pt a .
mmz"lﬂuumw mum”lmﬂu signal Ng uad e laS i capture antibody NGIILINA steric

=

4 v
hindrance UUa911HMIIUANTLHIN capture antibody nU TU5AUNA TS lumsiamnaldrieeas
= 1 PR ) ) o & R Y1 Y 9 A
dwma ldmanuduuastiosas asiuanmnaassisagdlan smanududuimngay

. A
YO anti-IL18 AB 5 pug/ml

25000 -

u.)

3 20000 -

15000

10000 -

5000

Fluorescence intensity (a

2 5 10
Capture antibody concentration (ug/ml)

3 7 A . & . {
sUR 7 anuduuaavlgoeis saudiie1F capture antibody 111 anti-IL18 NAnmdud 2,5

1 10 pg/ml

MIAsNATINANUANTULINTFIU (Calibration curve)
Y
Tumsasradunsvluiasgiuniu 4396181471581 recombinant human IL-18 Tua1s
o A o o A Yy v & '
azae PBS Huasinasgiu Tasviinsdfunlasunnududuaang 10 - 1,000 pg/ml Tuua
E4 9 v le
azANMUIENTUITIET 6 n59 3UN 8 uaasdegluuuMInaaesd iy glass slide 1 U Tu
4 $ { 1 a
glass slide 1 FuvzlsznonliUdae 90 ya Taof “blank” unuyad lu'latinseswouaved 13
A Y o % . J A 3 a = 1 A
o 15 1un15iAs2AUYDI noise AU “neg.” UNUIANIINITATILOUALDA UATITNHOAAIUY
e ] ] { 4 I 1
9t il Tusau 1L-18 Wi eiFonutluanududun o pg/ml erdumsmamanuduuaaves

Q

background savlunaazyaunumanunduveelsau IL-18 fld



A B C D
1 neg. 10 25 50
2 neg. 10 25 50
3 neg. 10 25 50
4 neg. 10 25 50
5 neg. 10 25 50
6 neg. 10 25 50
7 blank  blank  blank blank
8 100 200 500 1000
9 100 200 500 1000
10 100 200 500 1000
11 100 200 500 1000
12 100 200 500 1000
13 100 200 500 1000

~ A 9y 9 0w . 2
E‘IJ‘VI 8 qi"l]LL‘U‘UﬂWiﬂTi“Vlﬂa’E)\1LWf]ﬁﬁNLﬁuﬂﬁWWiﬂﬁﬁjpuﬁWﬁﬁU glass slide 1 ¥U
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{ I @ ] { g o .
5UM 9 1T uA29619U04 glass slide NHIUTUADUNITI immunoassay 1A T1l5uNTH

o ] 4 J 1 1
image analysis ﬂTH'JmL’(?f’HN'luflfuElﬂﬁTQﬂJﬂQLLﬂagﬂqﬂ@@ﬂNTﬂﬁZNTﬂ! 1.2 £0.1 mm Tagnunas

] @

=~ Y < Yo 11 9 2 A 9
i].ﬂﬁ'l\‘lﬂuﬂigﬂ'lm 5 mm Gl'liﬁ/]@’f)ﬂ!!fu‘ﬂhl') fﬂzmu”lﬂwmmmmmmummnmumammmm

9 ds@} A J s s g}; T3 aa [ (= v W
VHUTINUYU Gluigﬂmﬂu “blank o “neg. uuvlmwumsuml,mmm"lmmﬁimﬂuﬂlm

v 4 Y 1
LOUALDA AULBUAUFINI18ANITLUDH 13AA non-specific binding YU tazAINAIUIV

Y 1 ds' g ] v A Y v A o 9 A o
“1Q‘D'Iﬂ‘flqﬂ Lﬁa’]uuu@giuigﬂﬂﬂﬁ'lﬂ']ﬂiﬂﬁﬂU 0 mﬂmmmLmultﬁﬂﬂﬂwuammﬂﬂmﬂm

< o < {
image analysis lwasansmnumanududua: Idihudunsluasgiuaugili 1o

gﬂﬁ 9 NNV glass slide ‘Wéﬁﬂﬁﬂ%fﬂ immunoassay 1an

1000 pg/ml

|

500 pg/ml

0 pg/ml
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A < Yy v Ay Yy Ao 3 Y Aa
gl 10 azduldiudunsluasgunldedanyuziduduassifian

o a £ o 4 . . Y % 13 { g
Fu1s2aNT andUNUT (correlation coefficient, R2) 191101 0.9891 @9de31dlunsiviidlu
P ' v Y A = ' P Ay v vy
Wuasaiuey wag laaumaduasuienasuainnuuuasi laanmnaasaliitluan

1 Y Y T

Ay Taoh nsliduinasgivilaz 1 lanuanududuaug 25— 1,000 pg/ml A1d1gA
Aawnsada’ld (imit of detection) WA 15 pg/ml FIAUININTATIAIUANUANLAIAD

noise (N1 3

60000
2 50000
< y=42.705x+11202
[
Z 40000 R?=0.9891
g
£ 30000
g
g 20000
v
g
£ 10000

0

0 200 400 600 800 1000 1200
IL-18 concentration (pg/ml)

517 10 idunslinasgiuveeTysav IL-18

Y

[

Mmaf5eueUseINTEUY glass slide 1Y ELISA
I @ { I { o v av o v &

ELISA Hudsmsdalusaunldmasgrunaziiluisensunminidenald  duiu
. . dy ) = [ o . 9

511 immunoassay UM glass slide Hazgniu/3euMeunun1311 immunoassay 1agld

& ] ' A A4 )
ELISA o 1dfiuanuuanaeuazaniyiouyedqosssuy  uazsiodlumsasivaoy
. . d‘ A v ]
(validation) CERNC RIS BT RY
= v ad | Y . ~ 1

NAseuneunuis immunoassay 938 ELISA (18 glass slide (A1319N 4) WUN
) Y A o = A o . v

ELISA HuaoslsdTuaaied19uinde 100 ul Tuwmznnmsim immunoassay 835U glass

9 v
slide tulgnudnduiiog 0.5 ul FaldSunaneudvedieerhlisngnnii uaz 15w

@ ] 9 o YN 1o Y A Y 3 = ~ 1 Y Y o A o
@]'J@EJNL!@EJ‘V]"Ichri]111il"ILTJL!@E’NLi]"lglﬁ’f]ﬂiﬂﬂﬂullslllﬂuﬂilﬂmﬂuiﬂ ATANNULVUUVUATANIA

e

9 [ a £ o Y4 ?1’/ ad o Y A [ [ g’/ =< Y1 (91’/ o
llﬂ wasmanlszansanaunusveIniaolsuulnaneeny muumﬁ;ﬂ“lmmqmim

. Y . 3’4 Y A A (Y o . Y
immunoassay 738 glass slide uuﬁ”lll”liﬂ"lﬂwaﬂﬂmEJ‘]JL‘VI”Iﬂ‘]Jﬂ”Ii‘VI1 immunoassay Taaly

ELISA
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q' ~ o . kY ad .
M990 4 M3fFeuneunsm immunoassay #89% ELISA Lag glass slide

ELISA SLIDE
Volume of reagents 100 pl/sample 0.5 pl/sample
Limit of detection (LOD) 12.5 pg/ml 15 pg/mi
Correlation coefficient(R?) 0.9982 0.9891

ANMUNUEUDEANNUUTO DO VDI YANTID
1 4
ANUUNTONDUDIYAATIVIAUUTAINAT %CV UD intra assay LAZ inter assay A
. =2 A v 1 I A o A .
intra assay 92UONDIAMNAAIAADDUYDINTIATUUARz aUUE laaReany Tuvme ] inter
. o J J { J .
assay 3UONDIAMNADIA IAADUVDINTIAINAINE Jan M15199 5 LaAIDIAT % CV Y94 intra
. o dy @ [l ~Aq Y dy I o [l A o ,é‘
assay 1102 inter assay U94%AA3299AT A08190 lglumsnaasstiiludodanmhiyun e
v &2y Y oy oA ' Ay v o A v "o
auiudsianududuimiveou 1InmsnuNIHaN 1a 911nmsianisans A UTIIUE
4 1 1 1 { o <3 [} 1 1
14 % anunaIaao U (% error) 84521 1.02 — 8.46% A1nda penu1 lan Liuana1saingn
H Y ]
ANuduAuNHAUNINNINGD g % CV WD % CV V04 intra assay N1 (AU 10%
v 9
Tuamzi % CV 904 inter assay a1 liinu 5% dmSugaasiniaiuismua l3ngaasieia
A a Y A . 1 a a . Y ' a
N AEADIUAT %CV YD intra assay lsitAu 10% Tuvaizf %CV Vo4 inter assay Huaealiunu
1 < Y o ~ 9 dyd Voo 1 A o @ ?1’1 = Y
15% sz ldnm %cv fildanngaasrntiindniwnusindimua aaiudsagllanga

d”d A A [ 4
ma%uummmwanaﬂ@mu"lﬂ

v v E4
A15199 5 A1 % CV ¥4 Intra- and Inter-assay CVs 33UN % errors Y9IYAAT IV

Intra-assay Inter -assay
Fredaii 1 2 3 1 2 3
ANUTUTHITY (ng/ml) 50 100 200 50 100 200
S 20 20 20 20 20 20
miiald (ng/ml) 5423 98.50 198.74 53.48 104.63 202.03
% CV 7.77 9.03 2.45 2.81 4.96 1.32
% error 8.46 1.50 0.63 6.96 4.63 1.02

Y

YoyaveanguiIod N lua1I9e

" Bonham M, and Miller S. (2009). Clinical comparison of 99th percentile and 10% coefficient of variation cutoff

values for four commercially available troponin I assays. Labmedicine 40(8): 470-473.
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o 1 aov dy 1 g 1 1 A 1 AR A ] 1 = ]
arednalunuideiuiiauilu 2 nqu nquusnaenguilnagalionged luge 23 — 401t

k2
flumenaje 16 au uay meno 4 au dudliformaduihe viedlulsaGesilag uazlild

19t laniondewalfinannuianaiavesnaiia’la naui 2 Aenquithelin lanegauily

De

@ Aa 2 1 @ @ o { g y 1
msonauiinayuluiiene mssnauiivateszauiuegiuaNuuLsIved T uaiua
1 < 1 41 @ 1 1 v g { . =
Avheantesaudenguithenineglu ICU (Intensive Care Unit) ilonguiliiongmash 69 1)
1 g a 1
LL‘].NL‘]J‘LJLW?{WEUUQ 9 AU INAYIE 11 AU WA Acute Physiology and Chronic Health Evaluation II
A 1 I VoA Y a Y] 1 1 Y
(APACHE 1I) 8g# 17.30 1 APACHE 11 dluamnlalums dsziiutazdauianguilisaiy
A 9 U [ J A k) aa =< 1 dy YR
anuyuusavedlsa Tagazuuui lauanaimsiaaie i lanendiin Feaitazuen lan
A Aaa Y A kS a  J a2 Aaa [
TomensiaesInv0dr1) 19 APACHE 11 1 17.30 Wuszaadlulemeaid@sdiaminy 25% 1u
v Aa 91 Aa &L A . ° = <
nu U wuhenaade lunszumasa (Sepsis) 314U 13 AU 1AGNDINIIFOA (Shock) 8
Au uaz 9n 5 Ay Munsihtanaunuie lane (Renal Replacement Therapy) 6lglJ’f)ﬂaljﬁ‘ill’tN

NUA2ENAINNT0Q 1AM 19N 6

e

Y 9 1 o [ av
ﬂ]ﬁ]\‘]ﬁ 6 ellﬂiallasllﬁl\‘lﬂqm@?@ﬂ’l\iﬁluq'lujﬂﬂﬁ

AulnA Atle
UMY 20 20
21y 29.05 (23 - 40) 68.85 +19.04
WA QY 80% 45%
APCHE II score - 17.30 £7.65
Sepsis (n [%]) - 13 [65]
Shock (n [%]) - 8 [40]
RRT (n [%]) - 5 [20]

¥ = o [ [ = o ] 2 Y ax A Y
inﬂuummﬂﬁ’smmumaﬂﬂmu IL-18 GLU@]'J?)EJTQVNW?J@WYJEJTH ELISA L‘Wi’)‘lﬁ

3 ! !V

2 1A Ya A a o ' 2 Y '
NIIUDIANNITINNegludI0819 szAvveallsau IL-18 Tudreganinuaiundategly
A o ] d'ds! 9 I @ 1 aa 1= o 1
M13197 7 A0e19nVUAe “H” Wudieavesandnan lilinsenaulag lusreane Tuvae
A o [ d'd%J Y Y I % [l Y A Y [
1 ModrnIudude “B” 1hudrediavedilen lauenTsaneruia anarsanunluay
Un@ szAvveal15AN IL-18 920g21I19 120 — 685 pg/ml TagliAunasegh 270 pg/ml 139

9 1
A1ve Tisdu 1L-18 Hargelunisdedriaiuernduly g divsnatiermssaanlu
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31\1ﬂ"IEJLW]u13J]1ﬂ iTﬂQTHiWﬁ!ﬂUﬁ’J@ﬂTQ%iTU Wii’)i?ﬂﬂ?ﬂ’ﬂ]ﬁ]ﬁﬂﬂﬂ”ﬁ@]ﬂﬁf@ﬁnﬂlﬂf@]l’)iﬁ N



106

Y

a A 1 o ° 9 ) 1 2 2 PR A A
QTN MenuIude higansomnIdseauves IL-18 Tusumemivain’ daiiiie
Ll Q/ L} Ll g’} d’d L} = a =) 1 tﬂ' a lti'
uf 2 A29819 NI Tsau I-18 gunuilnd Aundsves IL-18 Tagindvzegniszina
200 pg/ml 11 @71v09A2061941]70 52AUUDI IL-18 9204352119 135 — 5,000 pg/ml Faiithie
J % 1 1 g’; A 'o 1 Aa A = v Y as [ v 9
1A 2 908719 NUUNNA1 IL-18 d1n1nd WenlFeuMenn13iaaIe75 ELISA NUMIIAA2e
ax . . 1 1 d‘ Y 9 A (% a [ d' ]
5 slide-based immunoassay WU A latiarlndiAesny anudanaalunisiamaeny

v Y
Uszim 6% Fanen gaasniiiiszaninmlumsldaulda

M990 7 anuuauue 1sau 1IL-18 1ala ludio619959 101433 ELISA tag slide-based

immunoassay
IL-18 (pg/ml
Sample ELISA (P Sl)ide Error (%)
H1 344.58 339.22 1.56
H2 309.58 295.82 4.44
H3 491.04 499.64 1.75
H4 684.17 653.69 4.46
H5 273.54 290.91 6.35
H6 180.21 138.34 23.23
H7 247.08 264.46 7.03
H8 157.29 133.03 15.42
H9 137.71 106.87 22.39
H10 182.08 182.48 0.22
H1l 202.92 213.6 5.26
H12 219.58 215.54 1.84
H13 301.46 315.62 4.70
H14 210 206.81 1.52
H15 197.5 173.54 12.13
H16 270 292.65 8.39
H17 119.38 100.39 15.91
H18 337.08 321.98 4.48
H19 206.88 209.62 1.32
H20 356.46 361.22 1.34
B2 1612.71 1445.13 10.39
B3 1363.54 1373.6 0.74
B12 1772.5 1799.72 154

? Ahmad R, Sindhu ST, Toma E, Morisset R, and Ahmad A. Elevated levels of circulating interleukin-18 in human
immunodeficiency virus-infected individuals: role of peripheral blood mononuclear cells and implication for AIDS

pathogensis. J Virol: 76(24): 12448 — 12456 (2002).



B13 273.13 245.44 10.14
B15 432.92 429.69 0.75
B23 1408.75 1335.82 5.18
B24 573.75 582.02 1.44
B27 509.17 537.1 5.49
B28 134.17 136.14 1.47
B29 3015.62 2810.66 6.80
B30 763.75 761.8 0.26
B31 654.17 625.96 431
B32 1841.88 1810.59 1.70
B33 1795 1685.67 6.09
B34 3420.21 3389.71 0.89
B35 2271.46 2243.46 1.23
B37 2505.42 2267.28 9.50
B40 467.92 455.5 2.65
B41 4962.71 4900.74 1.25
B43 1704.17 1572.26 7.74
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MANUIN .

aNUAFINaVD9 Ti6AI4V ELI (Extra low interstitials)

Ti - 6Al - 4V ELI (Extra low interstitials) Lﬂu?ﬂﬂﬁi%}ﬁW screw mini implant 31NN

a a’d' o = Aa o
Wawgnuaau luauIve
M5199 0.1 @U52NBUNIUATVSY Ti - 6Al - 4V ELI (Extra low interstitials)

The data given is for information not for design

Chemical composition (weight %) (Maximum values unless range is shown)

O N C H Fe Al Vv Ni Mo | Others | Residuals
0.13 0.03 0.08 |0.0125| 025 |5.5-6.5|3.5-4.5 0.4

M15199 0.2 FUTAFINAVDA Ti - 6Al - 4V ELI (Extra low interstitials)

Mechanical properties at room temperature

Minimum values Typical values
Yield Strength 790(760) MPa 825 MPa
Ultimate Strength 860(825) MPa 895 MPa
Elongation in 50 mm. AS 10 (7.5) % 15 %
Reduction in Area 25(135) % %
Hardness 350 HV
Modulus of elasticity 114 GPa
Charpy V-Notch Impact 24-40 71

M15199 0.3 FUITANIINIENINUDA Ti - 6Al - 4V ELI (Extra low interstitials)

Physical properties

Melting point, £ 15 °C 1650 °C
Density 4.43 g/lem3
Beta transus, = 15 °C 980 °C
Thermal expansion. 20 - 100 °C 9.2 #1099 K
Thermal expansion. 0 - 300 °C 9.5 *10°K!
Thermal conductivity, room temperature 7.3 W/mK
Thermal conductivity. 400 °C W/mK
Specific heat, room temperature 0.57 J/gK
Specific heat, 400 °C J/gK
Electrical resistivity, room temperature 165 nW¥*em

Poisson's ratio 0.34
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