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Abstract
This research program aims at developing technology for the fabrication of implants with
the same quality as those manufactured worldwide. Specifically, the program mainly focuses on
metal implants since they are important in medical applications and treatment. Engineering
techniques are applied to improve the quality of the product. The scope of the program includes
the technological development and the biocompatibility test of the fabricated implants. In
addition, the study of the effect of metal implants on the patients will be investigated. This

research program comprises three sub-programs, as follows:

Sub-Program 1  Feasibility Study of Fabrication and Coating of Orthodontics Screw Mini-
implant
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). 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.
Sub-Program 2 Study of Surface improvement of titanium- base alloy for human implant by
electropolishing method
In this study, the Alumina- and Silica blasting media are applied to modify the surface

similar applying in the commercial condition. 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.

Sub-Program 3 Development of a Microfluidic Platform for Early Detection of Inflammation

Caused by Implant Materials

In this study, we have developed a miniaturized immunoassay platform for the measurement of
an inflammatory biomarker, IL-18. In this platform, the capture IL-18 antibody was 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 (r = 0.99), indicating

that this slide-based system has potential to be used as routine point-of-care system.

Keyword implant; fabrication, microfluidics; biomaterials; biomedical materials
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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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Titanium U521 90% ﬁmﬁmd Vanadium 418 Aluminum lagdl Carbon, Oxygen, Nitrogen
i1ag Hydrogen 1314 Trace element

AMIATIIU ASTM F-4 1318509301 1995 implant 9211119 Commercial pure
fitanium dz0119903IU 4 1NFAMUYTUIUVO trace element HAZHN Titanium alloy @y 2

INAND Ti-6Al-4V 11ag Ti-6Al-4V extra low interstitial (ELD) 914919 199 3

Titanium N C H Fe @) Al \ Ti
cpgrade I Ti | 0.03|0.10|0.015 | 0.02 | 0.18 - - balance
cpgrade 1 Ti | 0.03|0.10 | 0.015| 0.03 | 0.25 - - balance
cpgrade 11 Ti | 0.03]0.10 | 0.015|0.03 | 0.35 - - balance
cpgrade IV Ti | 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

15191 3 @auszneun1uall (weight percent) 99 cp Titanium L8 Titanium Alloy
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Wight Percent Atomic Percent
Element ﬂ%ﬁjﬁﬁ 1 ﬂ%\iﬁ 2 Lﬂ?:lﬂ ﬂ%ﬁ“ﬁ 1 ﬂ%\i'ﬁ 2 lﬂéﬂ
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 4.28 4.32
Total 100.000 100.000 | 100.000 100.00 100.00 100.00

d‘ 1 =) a d‘
M3197 4 dudszneumanivosalariian 1
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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
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Contact angle (°) Surface energy (mN/m)
Sample Distilled Ethylene Diiodo- d D h T
water glycol methane v v v v
Si wafer 21.1 9.1 35.6 17.6 75.2 33.8 126.6
Si coated F-DLC 2:1
79.9 49.8 30.0 414 2.9 0.9 45.2
(5% Fluorine)
Si coated F-DLC 1:1
80.9 54.0 324 38.1 5.4 0.9 444

(12% Fluorine)

'Yd = dispersion force component, 'Yp = polar force component, 'Yh = hydrogen-bonding force component, 'YT = total surface

energy
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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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ALO, (A16) 3 120
ALO, (A60) 3 120
Sio, 3 120
ALO, (A16) 5 150
ALO, (A60) 5 150
Si 0, 5 150
ALO, (A16) 6 180
ALO;, (A60) 6 180
Sio, 6 180

3. NAADUANUANIING (Tensile Test)
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4. NAADUAIINLUY (Hardness Testing)
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nu Tang A1 Electrode Potentials (E.P.) 1 viiluina1lsa uaassialuaisied 3.11 Taeld
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WRUIrUNUFUY Inmiflsuvinaduruguénaie 10 Haamas 011 20 Haawas 11U

Y v
3 FUADNYUAIDEN A3 20

M15199 8 Electrode Potentials

Element Iron Electrode Potential (Volt) | Hydrogen Overvolttage
(Volts)
Magnesium Mg’ -1.87 (Base End) 0.7
Aluminium Al -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
< 2011, - l
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T

' v
iﬂﬁ 20 FUANUNATDUNITNANTOU
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4 2 1 ' v A { N o £
1INMINABDWDIFUIIUNT 9 gy wunlumsdarmmeluiluall - Aanuaredng luih 25

J Qy 0 a aa Aa
Thad FUNUNFIUNTEINI 1Y (Sand blasting) A0 Fam (Si 0,) , 8EQUU1 Al, O, (A16) Uag

Y '
92giU1 AL, O (A60) A1TUMITARINHAADUUIAVDIFUNUAAAT ALAAITUAI31IN 10

M Y ] ]
M990 10 vinayununasuldvdnmsvarimaluiluai

Funudnsed Ad narlumsian
. BITRET
Al, O, (A16) 0.094 120
AL 0, (A60) 0.080 120
Si 0, 0.090 120
Al, O, (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. HAN15IANINISEUAD (Surface roughness)

P 1
AINNITNAABDI IAAITULIYUN W‘U'N“Iﬂ‘!\ﬂuﬁWWHﬂﬁEN‘ﬂiWEJﬁI'JEJ BN (SiO2) ﬂWﬂ'JﬂJﬁEl‘]JN'J
° v £ A . 9 a A 4 a A ] 3 Y o
AN NTFUIUNAIUNIT Sand blasting mﬂagmuamaﬂllcm Al6 LLE]%N’JL?EJ‘UE]EJNWTH“I,WH@

naannmmsvarIne luiiail s 11

M3197 11 #aN15IANNISEVHT (Surface roughness)

» ANVITIVHD
UszanFuau
[um]
FUNUAIUNITAA ( Milling) 18.290
Milling+8ans1oa00giitiionsonlaq (A16) 17.050
Milling+84N 5189 20Fa1 (Si0,) 13.460
Milling + B4ns1eaavegiiiiousen lad (A16) + dafaaas luilundl 11.838
Milling +84M510820Fa (Si0,)+varae Wi undl 2.290

4. HAMINTIVAOUFUFIUVDIA (Morphology )

[ g a @ 1 A Y [ a 9 any J 1 9 9
aﬂ‘l%lﬂ!8W‘LAW’J"IJ@W]’JﬂEJN‘VI"I,@Fﬂuﬂﬁﬂi‘ﬂﬂﬁN’Jﬂ’lﬂ’)‘ﬁﬂﬁﬁ"ﬁﬁ] AIMNNINDIYNIINADN

a g a ' {o o ' 2
‘ga‘i/liiﬁﬂ’ﬂLaﬂ@]i@u%uﬂﬁﬂﬂﬂﬁﬂﬁﬂTﬁﬁﬂlmﬂ 250 1M1 ﬂQLLﬁﬂﬂug‘}J 20 -24

v '
m%mmﬁmumﬁ Machining

Qy A = 1 ~ o a v A Y A A Qy =% fjl' A A
FHUIMUNHIUNITNEGN ﬂaum%m”lﬂmmwmmzwmmq"lwmmu AIFUNUUANHUSNUNIN

H Y 1] 1
U (peak) 1Az 03 (valley) AR INMITNAWUUA AT A9g17 22

Y



76

100 pm
 ——

a AQ’J A o a 9 a A -4 v A Y =
W’JG]ﬁJ\1”I“Ll‘VI‘VI”Iﬂ"liEl\‘l‘i’lﬂfl@’)ﬁlﬁ]ij‘muﬂilﬂﬂﬂ]l“ﬂﬂ (Al6) LLﬁ%ﬂl@]W’JVI"NIlV\IV\I"ILﬂM

o a £ v Aa A a Y <

ANHUSHITUITUNAIGINTY W‘]JWHN'JTJ?YJ']?J%?‘U?% aﬂymmﬂquu (valley) HagyoaLlviay
gl} a J { 4 o v A

(peak) FIMNINVMIANA VB YMIABgIITonoen lvd Atz 23 waziieyhimsvarIni
] a 4 J a [

Tfluadiliny wiwogliienoonlad annuBevarasas  waznumslSuszuvveven

o (4
uvian A931li 24

31 23 FunuisuGms g 1 24 %uqmmmwmaaamuamaﬂ"lw (A16)

ogilifionoonlas (Al6) wazaard lWiluail (EP)

a =

9 1
AruuNnsgmsealsdan (Sio,) uaziaiama Ifuad

[y a A v £ Aa Y a A 4 Z/ zg A 1

ANHUSHATIUNIT FUINUNIINTIYNIY agmuﬂuaaﬂ"l«m mummmnmmmmx;ﬂﬁwm
a dy = 1 = [ ya A 49! o Y aa

NINY¥UAU s0311g‘ﬂi"Nﬂi,’I3Jll,fﬂ$i,’1$!,ﬁ]EJG]‘I/HGI,‘HIN’JLSEI‘]JGUL! GINUNITANANVDIDUNIAF AN

I 3 v A a a @ § 4 o v Aa
pon lod Flugadng dun dsdaiusnai duaaslugdi 25 devhmsdanmie uiunil



77

] Aaa o a a ° 1 A o 1 Qy
"lnwuﬁmwﬂﬁ}mﬁymamaaﬂ"lcmuum AIFsUd AN AINNNITILAIAINNTUNY

A v A a Y a A 4 o A
1/]WTL!ﬂ']'i“llﬂN'JLL@%ENTITIEJ@'JEIE]QNluﬂi]f']f]ﬂll"]fﬂ (Al6) @Ngﬂ“l/l 26

B 100 pm_ | [ 7
sy i 100

A 9 l ' A M Qsl N
51 25 Fuanukugmnaie s 26 Fuau
aa J
Fanmeon lua

<3
5. HANISNAFDUAINLUUY (Hardness)

NHUTINTI0A 18T

oon laauazaani Wil uall (EP)

Y v
N899 ¥UUARIUMT Machining, 841518 (sand blasting) ttazvaRIA2873 il uaiiunia

< @ { . Y < !
AITULLU NﬁﬂWi’Jﬂ@nN@niNﬁ 12 “?QW']J'JTJﬁﬂ]lVIWILﬁEJMNﬁN 1N3A Ti-6Al-4V ﬂ’J"I‘JJLL‘lNﬂQﬁ

Tugmsnlasunlas

3 <
M519N 12 HANITNATDUANLU

Surface treatment

Hardness [HRC]

Machining 334
Machining+84928 ALO, (A16) 335
Machining+83928 ALO, (A60) 33.7
Machining+ 84928 SiO, 33.7
Machining+84828 ALO, (A16) + dariae I uall (EP) 333
Machining+83928 ALO, (A60) + Tarane 1wl unll (EP) 32.0
Machining+ 83828Si0,+ darae lnfluadl (EP) 332

6. WANINAFDUANIANING (Tensile Test)

y H 1 X a 1
Wﬁﬂ']i‘l/lﬂﬁ'ﬂﬂlli\iﬁﬂ VOIFUNUNHIUMTNA Machining, 891318 (Sand blasting) HAZHIUNIT

v a gy 9| 2 {1 . {q ¥ . a a
daraie Tl uall TnenaaousuaNFIY sand blasting 7119 blast media 2 stiafo ogiiition
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4 aa . X { v <3|
pon lad (VuIa A16) uaz Fam (Sio,) Faaasluununw U7 27 uazautianienaiulyl

AUAI519N 13

5197 13 HaN1SNADY Tensile Strength

2 , Tensile Strength Yield Strength Elongation
FUNURIUNTZUIUNS
[MPa] 0.2 % [MPa] [%]
Machining 1,079.9 1,030.7 12.5
Machining + g\‘if’;l}’lﬂ ALO;, (A16) 1,202.5 1,137.0 13.4
Machining + 84928 ALO, (A16) + 1,198.5 1,140.1 13.5
varae Tl ual (EP)
Machining + 84818 SiO, 1,116.0 1,051.5 13.4
Machining + 84828 SiO, + 1,112.0 1,049.2 13.0
varae Tl uadl (EP)
Stress (G)
1500 Tmm— T T T
0 77 N -7
/’ b PR N L = echinngesawin
/ \ ™A Silica+EP
Strain (E)

d' F) ~ = Q"
E‘IJTI 27 N INAMMAY — ANNATIALTIAIVOITUIIY
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M319A 14 aNHUTMIUANTNVDIFUIIY Tensile

FUATUITY Tensile strength ANHUSMIUAN
[MPa]
Jiam SEM
Milling
1,079.9
Milling
Milling + 89N510
ALO, (A16) ;
1,202.5 o
HANHARD
Milling + 84N510
(Si0,) 1,116.0

Milling + AI203
(A16) + (EP)

1,198.5
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Milling + SiO2 + e

(EP)
1,112.0

a 4 Ff a
8. wamsamiwﬁmiﬂmﬂammm (Contamination Analysis)

o Qy A 1 a A 2 dy A A A Y
UIFUNTUNHIUNTSUIUNITANEE UIATIVTDUND merdsludeoundziunsoaanielu
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Spectrum
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9. wamima@ummﬁ’mmumiﬁ"ﬂﬂ%au (Corrosion resistance analysis)

nmanaaoy Inmition Tasld Reference Half-cell Electrode AAIAMNAIUNIULLL Two -
{ 'o U 1 Y- { [ 9
metal cell (Galvanic cell) Taneil E.P. (Electrode Potentials) 11 A1AUANANINIA 1da1niia
Aaa s A A A 1 Ao Y 1 2 2 2 Y a o 1 A
Alos AT eINeal 89N IaumauuAULAAIIN FUNUTUTMINANToUUT N

Y 1
AIUNNUY HANATOU LAAIAINATITIE N 15
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M3197 15 wamanaaeumananiouluaniig ldau

UNAN 37 °C Ande
FUUHIUNTZ VIS anuadng 19 [v] Fuam 3 U

1 2 3 Toad
Machining -0.20 -0.17 -0.18 -0.18
Machining + 84828 ALO, (A16) -0.14 | -0.13 | -0.12 -0.13
Machining + 84828 ALO, (A16) + ARG | -0.09 | -0.09 | -0.10 -0.09
IW#luadl (EP)
Machining + 84638 SiO, -0.11 | -0.13 | -0.12 -0.12
Machining + 84828 SiO, + -0.08 | -0.07 | -0.07 -0.07
daraeliiuadl (EP)
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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



90

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 TL-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.

4. yni

@ I o A 4 o {

Tagidaluduiagmuemsunnenszma lneflinnudesmsgannieiunlslunsulasude

1 A o [y né [ 1 dy Y o =

azTun 0 wierhwnldlumaiuanssy deiaquaridniunnn Tandlen Tanzwaw
= A < Yy Ny Aa = 1 t:a{d oA £ [ 1 Aa

Inmitlen wiemannd1 13atiy Felangmarilauiamsumumsnaniouia a1wso

o I o I [ (Y] 1 1 I~ A

i ldiluiagnannunszgn lditluediad daniniagmaiilladunsnagon anudluiy

. . Y o Y = . vy ere Yy <
(cytotoxicity test) 1A MINAABUANMININY TAN1TININ (biocompatibility) HaIna1y Tuna

i1 v
Uiauduiierh 1153 snuauld wonhauluuesienunanseniay (inflammation) 0619

da! o Y o 1 3 ~ 9 [V g)} R A o a3 =1 9 aa o
TUITIVU ‘VI"IGlT‘iﬂ']ﬁﬁﬂrlsl']]’lﬂlﬂuwa@"mﬂﬂ']ﬂll? AWMU UNIE  ABIIUREe NS

o v ' A A Y o o Y 1 = 9, o
onuvesnn lawuaszezisunsnimoaz lahmsine lanunaiivezilesnumsgnamves
MIDNLAL
Aan A v o A A o Y 1 oo & A ) A A A ¢
Fniaeimsonauitnanniagd ldududniufomsiadSua TusAunivateonin
. = ~ = v A . A a o a
Tag immune cells 511380 11)5AUMA1I biomarkers 11oINANMTONIEVY biomarkers HaY
AINAI0DNU Y high sensitivity C-reactive protein (hs-CRP), Interleukin-18 (IL-18), tiaig
[ 9
tumor necrosis factor-alpha (TNF-OU) &4 11/5@umartiaznuunludea e ldtanuiionly
A A . & o . g 7 A
M13A3IA0ANDYT biomarkers 1asN21U1Un1575797A biomarkers U unndazinzidon
o f 4 1 . 1 2’, . [
au'ldudniwntunene usadoon Ididona Plasma el T15AuA199 595919 biomarkers 8¢
v 1 v
vintudaih Tdsau ldrunmssh RT-PCR iieiini3ana copy ¥4 mRNA i1l 3a ldusiueh
= dsg ] I a dy 9 o Y Aa oA 9 A o
uazazdanInIu 013 lsnamatiatideserdereslgianismwz ne ldyaaansidugy
A A g Yo ¥ A g & ¥ o qu
M3 UazATeela Mg venniuau liddesserameaily namu e luueasanld
" Yo o Y o ' )=
13'l85umssae lanuniei

o & Y A J

wiudenannuaalumsnadonigaliusn1sneMsunng  (Point-of-care testing)

a X . . < v ¥ ¥ A on
INAYU Point-of-care testing Flumsasaalsalndauld mﬂuaﬂwmﬂgmmimaﬂﬁwmma

o g o Yo Y ~ 1 A o A I Yo [
le\jlﬂuﬂwjf’)']ujﬂﬂ'lelﬁgﬂ'gﬂch’iﬂl]ﬁﬂ]fﬂ/]@Tﬁ]@Qj”ﬂuﬁljﬂuﬂwjlwfﬂblﬁhlﬂillﬂ']jﬁﬂyq‘waﬁﬁ_na



91

] = a a . L g’; <3 1 Aq Y 1 1 A 1
98 19711/52ANTNIN 52V point of care Turansng Huszilunuuienlduavenileniely
R o 3 ¥ s v
mniway woviahaang lnaludaang vie ganadoumsansss  ANUATIUIINN
P YR o q ¥Ya o < 2 A o A P} ' 9
maluTagludagiugeriliinamsiansaaivue lusimndsenda e lvimunzunns e

[

Tu dszmeimawimmedialszms Ing
awv dyd ] Y A o o = Aa I~ o
st ldimswangensavialdsdu IL- 1shllvuiadnals wanms
. Y o = a A v o J 9 g o <
Y99 immunoassay 1a8 1@nsas wouAveAfItUasuud lasuduiludnyuzga vua@n
Y = o oAy o = Y o ¥ 9y ax |
NniulreamsAlee1eideamsdallsau 1L- 1sa9ld ud1wimsind1e73 immunoassay
] % [ o 1 o
Tagldmsvgoasasuadud Ivdyain  anududuvesldsauludedisey uilsiuas
> ) ) v Qv 9 9 Y =
AuANuENLdesmsgoaasudsmmIsouaswnauuuiumanududu 18 mshaa
o < [ A & = 1 A A
Wpveaainia IL- 1sauiluszanlulasmodumsaatSuaansag il simwmed
o s Y ES a a a @ a < o
tulludodldlumsda  wenniniumanalgnsnluszavlulnsamnsanalagy  iild
@ 0 <3 2 { o 4 ) [ [
awnsodamldsaulagiin  gaeaseiwannildiasedvvedldsdu - 18luas
% v A A Y o = [ [ as A Y =
aegraiunnwarau milah ldSeuieunumsialaeds ELISAmeldniwde aw
UNUGIUDIYAATIY
~ 9 aov dy o 1 a ] o . A <3 1 dy
maf laninauiseliazii lgmaiialuilunsnsivia biomarker N5a015 WAz 18U
Yy Y . g A o o Yo
laosanus Tunsaiugunsnaaey immunoassay vuaniaunsnit ludaulasldm

M3 SaldsAudrouq 14

(v d av
5. Ingilszasnveamidy
A 9 ~ A L Y, . A A 9 o
Woa31ama TuTadved microfluidics ¥1 1911015951901 biomarkers NNV INL
v o A @ A A a Y v Y [
msonauouilosnniagqdlu measanaeumansznuinaanmsldiagdaluldods

< =) a A
i’)ﬂﬁ'ﬂlm%ﬂﬂi%ﬁﬂ‘ﬁﬂWW

6. MINUMUITIUNITINNNLIVDI

a 9 (%

a I { 1 a 3 4 a

uouaved (Ab) HuTsaunszuugiqunulusumenaatiuioluoudnu (Ag) Tae
= g’/ U dy AN v o A v QJ d‘ a = 1 X =
TilsAunsaeedrtivzlanvazanuiumzasnuuaz iy TagioudvoauAaz ALl
3 @ o v v a { B @ aan ' o
Tasease Wuendnbal lumssunuueudwuitgnu milounuilfnsenserinuou laniny

[ 1 1 (% I aan v v
dumsn  substrate  (ualvouanannufeiulnsedoundu’la  reversible  (dnwmz

Y

sensitivity 1182 specificity Y89 Ab-Ag interaction Hi9avi1l¥ansosi ¥ lumsiansunm

a =

a 3 Y 1 . = a aa ¢ = o
mmﬂmaqa Laﬂklﬂ Y UL AT metabolites 1s@au nsaiianaen uag YAUNTY BIYNUT

]
=\

ldoe19 nH9vneluanumumsitatenienaiin, anvlasasesdue1is uas due



92

Antigen Antigen
Binding Site NH Binding Site
Fab Region

NH,

CH Carbohydrate Region

Fec Region

COOH COO0OH

gﬂﬁ 1 Tnssaravesuouaved [http://www.odec.ca/projects/2003/lange3c/

public_html/background.html]

I Aaan a 1 a a
Immunoassay L‘]Jumimnmﬂgﬂimﬁmmmzmmmmm?}uamaumﬁm‘lu

Re

A a <

o ] A g v a = Y ' o o
fmeganduveaunal Tagvziaeuaveaniotauanun lamuuaanyazvosnu Taena i
k) . v ya .. A .. o [
{1873 1mmunoassay ﬁ’TﬁJ”IiﬂLL‘]NgﬂLL‘U‘U"Lm‘]Ju competitive HI® non-competitive TINITUY

9 1
competitive UH UDUAIDULIAY labeled LLDUALIU UGN UIVLOUAVDA c?aﬁﬂimmagfﬁmﬂ ‘5}1
Aa A A < " v W a a2y Y o Y a
weuAnUIUTINANINNITENINTALEIT LA DL UALBA aun ¥l labeled HOUALIU TIUITD
Y% a a2 Yy = a Ao o . I [ 1 v @
JunuLeUAVed e 1Suw labeled UDUAIRU NIUND antibody wludagin naunu

a

9
Usunaeuau (AU 1 ez 2) 99U non-competitive WU wouAuluaI081992 IUNY

]
aA v

a = a a g cida! = a Aa T (J '
touaveaNNUsauInnnalu complex ‘V]"UL!ﬂ‘]JﬂiiJ"ImLL?JuG]H]UVIM’JQGluG]’J@EJN

)

(U5 3)

Ag + Ab € Ag — Ab (1)
Ag* 4+ Ah <> Ag* - Ab (2)
Ag + Ab*excess) €2 Ag - Ab* +Ab*excess) (3)

slw ' I3 <
uaﬂmﬂﬁmmmmumgﬂuuuﬁu”lﬁ%ﬂnJu heterogenecous and  homogeneous

. A I Aa XY ~
immunoassays 187 heterogeneous 1 ugtuvuniienlsnumnnga

6.1 YU 151 Immunoassay



93

115911 Immunoasay Hna1e3Uuun (15199 1) Taeuuungy well-based 1150 ELISA

I Aa A Y 1 o a 4 19 A A A Aq Y

plate untsnngamnzanugnasaazuiuh lumsinzvina uadeidensaisal 114
a ' Y a 4 [V g A KX 3 A

Ysaninawwalisinlun1sinsienuns A9uuDY planar W30UUVIEUIVIVT UNAUN

9 a A ° 1 [
ﬁui%LWﬁzi%’ﬁﬁLﬂNﬂiiﬂﬂlﬁﬂﬂ’ﬂllﬁ%ﬁﬂ1gﬂﬂ’ﬂ

M5199 1 3UUVVNI59 Immunoassay

siluny anbuz PBmnamsindinly
=
Well-based ELISA plates 1unannenn
. . . Y =2
Planar solid supports Microscope slide Heenatunas
. . qe ! 9
Microfluidics no oY

Y 1

A o Aq Y o I . = a = Y1 =< a = o
HUININUIAA sl‘;]ﬁfl”ll‘ﬂu solid support UVAYFUA LN INTATIUDUAUDAUUING

q

v
[ = []

A = s @ Aa v A 1 g wa
VIL“IJ‘LJTW’Q!?J’E]ﬁ*ﬂmﬂu‘ﬂuﬂuﬂ’lﬂﬁﬂTﬂgﬂ u,mﬂumw 3JL1/?3J1$ﬁNLWiWSﬂﬂ!ﬁN‘UﬂﬂNﬂ'\ﬂﬂTW

a

A Yt A A S Y d o A VA A
LLﬁZ“I/INLﬂiJﬁ'QWﬁGlﬁN background Vli;‘lf\‘l Glusumz°nﬁ"lam!,ﬂmﬂum@ﬂﬂm@mummﬂmmm‘w

o X a v Ay v ~ 5
fﬂ$ﬂﬂllﬂaQWHN?ﬂﬁﬂLﬂﬂJulﬂﬁﬁTﬂﬁa"IfJLLan background a1

G a =
6.2 MIATOUALVDNA

'
v Aa

Aa I g‘/ ) ) o .
M5AUBUAVDAAIUY solid support ﬁmﬂumumummgmﬁmm immune-based
é = axy =2 ?1}1 ) 1 aan 1 a =
assay  system GJNmimamﬂumsmmmzuwaﬂiwmaﬂgﬂsmizmwmammammzf
a g’; Y o =< a ~ 3’/ 3 A A A a

Lmumfuuiuizuuuuma Iﬂﬂﬂﬂﬂig?Nﬂ11&ﬂ15@]5\1!£@‘Ll@]‘]JE]ﬂuuﬂl‘W@LWﬂJﬂigﬁ‘ﬂ‘ﬁﬂTWﬂ’li
o a = 1 o Y a a A A 1 o o 9
NNNUY GUENLLEIUG]U@@I@]EluliJ‘Vl'lGlTiLLE]u@ﬂﬁ]ﬂLﬁﬂﬁﬂTWWi@gﬂiNTﬂﬂ'ﬁ‘Vﬂﬂu 1S EAINIYIGN]
a = o a Sy an = ' Y 9 v A
NIATTUININIT INAIUDIUUDUAUDANIY ’J‘ﬁﬂ1§ﬁi\1’ﬁ'm15&L°]J\‘1€)?Jﬂ]lmﬂu 3 ﬂi%tﬂ‘ﬂﬂﬁlﬂﬂu o

(i) physical adsorption, (ii) covalent attachment (18 (iii) affinity binding
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1. MITANNALDIANUAIVDN glass slide

Yy vy 3

[ Y
uva’lad lu 1M NaOH u1u 20 wiiiigangiines udad1eaaoni Milli Q 91niusi ¢
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o

ualaeldnialuTasou 11 glass slide 10usluans piranhafitlszneudie H,0,:H,S0,

b4
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v Y
(30%:70%) WU 30 Wi igungirewdinedamien Milli Q mniuh IiuiedaeluTasiou
= a =
2. MIATUDUALDA
' o =< a = 3‘/ Y [ dy a . A 1 9
ﬂﬂuﬂgﬂﬂTﬁ@iQHQUQUﬂﬂuuﬂﬂQﬂﬂMﬂﬁQWUNﬂm@Qgb%shdeﬂﬁ%@?ﬂﬂ@uﬂﬂﬂ
71992018 3-aminopropyltriethoxysilane (APTES) (2% by volume) 14 acetone w1U 2 U1 LD
o . . Y = v 7Y ¥ o Yy 9 9 =
HINNY amine nniuId e ladaie acetone ag 11 MilliQ o U 1M1 9A8 oven N1 75°C WU
< Y 2 7Y .. . . = 9 9
1 %2 Tue udr9wuva laadrea15a2a1e Succinic acid anhydride (SAA) NANWINUY 50 pg/ml
d' Y a ] J o g a o ] ] d'
pH 6.0 1o 1r a1 WansU carboxyl ((COOH) UUNUAD Tag1n15usuIu 2 49 Tua A
a kS 4 o 4
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H = a = Aq Y g '
Glusuum’aumﬁmmauﬁuaﬂ ff']'iﬁgaTﬂﬂﬂlsﬁlﬂuﬁ'liwﬁmﬁgﬁ'ﬂﬂ 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC), N-hydroxysuccinimide (NHS) tta1g
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v Y 4
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A o 9 ~ =~ ] 1 A a 2 Y a AAan o ~
Anmua ezl 2leeliszeziauaazye siaawas N ldinalfnier v 192 Tuei
Ay 2 ana g . ) sy ! s
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BSA luaisazate PBS wu 1 91109 figaingil 37°C 1iniiudedwalaadie PBS

254mm

@ ~1 mm

76.2mm

51U 2 gluuumsvgaasazagLoUALBAAIIY (capture antibody)
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3. N139@ contact angle
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o J v A 9y . a J
Maladianmsiseanaslnegly Fluorescence Scanner (Typhoon Trio) B8 UATIEHHA

Tagly ImageQuant TL v.2005 software
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Wa1alun133a (% error) Taaduiunngasi 2



96

mazurad conc.- actual conc.
%Error = =100 2

actual comc.
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SURFACE ANTIBODY
FUNCTIONALIZATION ACTIVATION
Borosilicate Glass Fal\ /
PZT
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COOH
| Cleaning (MeOH/HCI, Sulfuric Acid,
Sodium Hydroxide, Distilled Water)

1
7 N\/

Fcfl ©
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Feff ©
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I %I \lﬂ_l:cab %
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H—N
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H,C—O—S$—0—CH,

. —

317 3 ¥aNN13M3ATA capture antibody a3V glass slide
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)hydrophobicity) t1ag ANMUFDUUT )hydrophilicity) UBITNIWWUNINU N1TIAYY contact angle
Y y 4 o o DA Ao 2
wuih1a lagmsvearhasuuiuAng WS iaguse nINNUAINUTEAL 1N contact angle
a0 ' Aa Y a S YA I . o ' g A &
1AWINNI 90 0971 A IFHANU 1D 01TU hydrophobic ¥110A11I1 90 BIA1 WUAIUUDE
=] R j’ a S < : {
i5on213)u hydrophilic WD31A1 contact angle YoINUAIAI WU T w17 4 waz ar1eh
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hydrophobic 0819%FAY
Y

H ] [} 1 @ 1 19 I~4 ] a
A1 contact angleuanaanuedaFanu lunaztuaouaaslfifiuNimsna

a A ds! ti’ a a a 1 =
‘]J;]ﬂim"llu‘UHWUN’Jﬁ]'N LHAZINABYINNIN

¥UAVON linker
& A g . A A ' . v a a o &
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a A ' {3 [
NAToUYTLANTNINUDA linker 551119715 1% linker Milu EDC (20 pg/ml) iileaansi@en Au
[ )
linker NsznoUAI8NY EDC (20 pg/ml) waz NHS (30 pg/ml) Tagldaf5unat capture
antibody 91 10 pg/ml trag 100 pug/ml
nnramsnaaoalugln s woa m314 linker MJszneude EDC naz NHS 1dnu
{ 1 [N < { :-, . 1
19E fluorescence Ngan113919213)u capture antibody ANMIANTUAMTOGY Faladll
capture antibobdy 11941180131 (active) WINN 1199910 NHS 07 1dmstunuves
] a = ] ag ~ ag 2K o Y I . A 1
EDC AuteuAveauuuiy tazadesuniudwnIn Iady capture antibody Ni04lage

9 9 £ v
Ufnsennnn auiumsnaaesnsuaiiae 1z 19 linker N1lsznoudie EDC 1oz NHS
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ANUTNTUAMUIZaNYDd EDC + NHS
I v { o o Aa =
ANUNTUYDY linker Wudndinnlumsasweuaved uennzlalSuna
a aa 9 @ o Y .. a = 1T a k) g [
weuAveANINNUAY §a ¥ activity veaeuaved ludellale Tasmsnaaseiiaziam
s A A

AN Wunasge s udiiomuAUANMTUTUYDY EDC + NHS 910 0.1 mM EDC +
I 2 d A Y Y é’ 1 T
0.25 mM NHS (11 2 mM EDC + 5 mM NHS @auilumsiuanududuan 20 11 wunm

=

s A XA I 4 ‘ L g
anuduudas goessandmuiwiie lFanuuduve linker a1 6) Fuilul)1d
1A A . ~ dy Aa ds! o Yo o A Ay o Y dy a d
NHUSIW capture antibody RWuFINTWINIRIUADTUsAURREINs A IdunTu Rty

H Y < o f 1 H
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Ysnawesd  Idviianuduganiiosnniidsmm  linker sawofioz 15300 capture

antibody 1¥300¢
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g 400000 - NHS
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Y Y
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Y g . X a ¥ a o w ' Y 9 9 a
ANUTVTUYOY anti-IL18 VUNUAIMUTANUA RN WINNANUANIULDBINY
o v . { o v X S 9 Y v A 3 3
Tl 1714 signal e tag A limit of detection N wnlFANNMWNTHINAAY TRz
q” A ] [ g‘; 2K 9 = Y 9 . =
msaunlaoalaglag AIUIIRBINMIMIANUTNIUYDY capture antibody NN TY Tag
<1 o { Y 9 . g .
Tumsfnuil agvimanlaouanududuves anti-IL18 Aua 2, 5 wag 10 pg/ml vagnlou
=1 1 9 < o d' [ 9 s A 4? d‘ A
MeumaNuTuLaINgeTamudaIgln 7 nunanuIntaaigess A udNNYIN oY
Y 9 . < Vo D) kS A D)
ANMAIUVUUD anti-IL18 910 2 pg/ml 11U 5 pg/ml HANANUTUUAIUUIADIUDANNIAY

y A g g XA A v . o & .
ﬂlummﬂu 10 },lg/l’l’ll NIUIUBDINNNANULUNVUUDN anti-IL18 €1 ﬂill’lm"llf]\‘] capture antlbody



101

P P
Yo o A X

= = Y 3 . = v A Y A . A a .
mmz"lﬂuumwmum"lmﬂu signal NG uad e 15 capture antibody NRILINGA steric

Y 1
=K =K
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5UR 7 anuduuaslgooissaudiiie 19 capture antibody 11U anti-IL18 innmdudu 2,5
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mMsas NI NUTNTUNIATTIU (Calibration curve)
v
Tumsafradunsmlinasgiuniu §3981819711/581 recombinant human 1L-18 Tua1s
I A o @ A 9y 9 H J 1
azae PBS Wluasuasgiu Iagnhmslsunlasuanueiuduaaua 10 — 1,000 pg/ml Tuua
Yy 9 o 2 3 = = 0w . 2

azANUITNIUILING 6 A59 JUN 8 uaaadaglununIInaaed1msy glass slide 1 Fu Tu
. 2 9 . v Ay 1y ya = a  ayny
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e 1 1 a3 { § g 1
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o ' ' 9y a Sq 9
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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 A g g 0w . 2
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! < @ T . g o .
5U% 915 uA10819v0 1 glass slide NHIUTUADUNITHT immunoassay 1182 TU51NTY
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gﬂﬁ 9 NNUD glass slide ﬂﬁdﬂﬁﬂ%m immunoassay 1dn

=—1000 pg/ml

500 pg/ml

0 pg/ml
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210317 10 9zt u 183 ndunsuiasg i I idnvaz duduasiin
Fuilszans anduitus (correlation coefficient, R2) 111771 0.9891 & ad 03 udluns vy
duasaniueu uaz 1§aunmsduasaienldsumanudunaiildanmsnaasdliiiiuan
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. . dy ° = @ o . Y
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. . tﬂ' A v []
(validation) 1301 ALV 11
= v Aad | Y . A '
NN STeuneunuls immunoassay A8 ELISA (12 glass slide (113199 4) WUN
Y Y a o = = o . v
ELISA W@ 1415u1aa2081901n99 100 ul Tuuaizin13911 immunoassay A1852 U1 glass
Y v
slide viulFanududuiio 0.5 pl Faldlsmaneuavedtiosrildsiaignni uaz 1915w

@ ' 9 o YN 1o I Y A 9 3 a2 ~ 1 Y Y o Ao
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llﬂ tasmMaulszanFanaunUFVoIN a0 IITY “lﬂammﬂu muumﬁ’gﬂ"lmmﬁmim

= 1
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M15199 4 M3f5eReun157 immunoassay #2835 ELISA 1@ glass slide

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

ANWUNUGUAZ AU UTODOVOITANTID
[l Y

mmun%ﬁ@maQﬂlgﬂmamﬂummmm %CV U0 intra assay LD inter assay 1
. = A o ! Jd v = .
intra assay 9z UONINANUAAIAMADUYDINT IR TUaazgauud laaRedny Tuaneh inter

4 o J o { 1
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. o dy o ] ~Aq Y dyd o ] A o dg@'
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] Y
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A A 9 A . T Aa A . g’/ Y 1a
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1 <3 Yo AN Y dyd 1o 1 Ja o [ kS = Y
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v v Y
M13199 5 A1 % CV ¥4 Intra- and Inter-assay CVs 33NN % errors YDIYANT IV

Intra-assay Inter -assay
Fregaii 1 2 3 1 2
ANUAUTUITS (ng/ml) 50 100 200 50 100 200
S 20 20 20 20 20 20
mi5a 18 (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

ToyavednguaIed N luauIvy

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

values for four commercially available troponin | assays. Labmedicine 40(8): 470-473.
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QuITENEININ 518U ure Iidansa Idszauves IL-18 Tusrameminyn’ Faiiiies
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1A 2 A79819 MBUNNAT IL-18 énI1nd WenfieumMeuni13Inaie7s ELISA AUN133AAY
an . . ' 1Ay g Y A [ Aa o = ]
7% slide-based immunoassay W31 A1 ladarlndifeesnn anudanaialunisiamavey

v 4
Uszmnm 6% Fanen gaasriildszaninmlumsldaulas

M990 7 anuusuvealdsau IL-18 139 18 ludee1993 1 1ae 1425 ELISA tag slide-based

immunoassay
Sample IL-18 (pg/ml)_ Error (%)
ELISA Slide
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
H11l 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 1.54

? 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
B3l 654.17 625.96 4.31
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
B4l 4962.71 4900.74 1.25
B43 1704.17 1572.26 7.74
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HNARUHIN N.

aNUATINaVUDd Ti6Al4V ELI (Extra low interstitials)

Ti - 6Al - 4V ELI (Extra low interstitials) ﬁJuﬁ”ﬁ an 1491 screw mini implant 31NNN

a s’d' o = Aa o
walwenuaay e
M519N 1.1 752APUNUATUDA 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)

@] N C H Fe Al A N1 Mo | Others | Residuals
0.13 0.03 0.08 |0.0125| 0.25 |[5.5-6.5|3.5-4.5 0.4

M3519N 1.2 FUIAFINAVDA 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, A5 10(7.5) % 15 %
Reduction in Area 25(15) % %
Hardness 350 HV
Modulus of elasticity 114 GPa
Charpy V-Notch Impact 24-40 71

M99 1.3 AUUANINNIN TNV Ti - 6Al - 4V ELI (Extra low interstitials)

Physical properties

Melting point., + 15 °C 1650 °C
Density 4.43 g/em3
Beta transus, £ 15 °C 980 °C
Thermal expansion, 20 - 100 °C 9.2 *10°9 K™
Thermal expansion. 0 - 300 °C 9.5 #1099 K™
Thermal conductivity. room temperature 7.3 WmK
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 ptW#*em

Poisson's ratio 0.34




116

agimwsamveswunulasamsh 1
=2 v = g Y
NNMSANYINAVOINTNATRUANIANINaveaIa Taneway Inmilloyludesdu
o Y Y o a o A [ A o 4? Y 1 ] I 9 Aa
mldnazdimsivemusadeniagizihunyuglang e uaedialsnawdesnasa
va A‘ d' o a a v 3’; ! = a =) 1w
autianunadugNazdutiunsiveluvuae 1 waznnmsanyidundoununTagnig
J o A a o = o a o
msuwndausadiulsnaaniiald lasninauiteilaunsamldinsauuaendauslu

A a 9 1
MIaUN1 a1 arn

agﬂmwswmmuwmmimam‘sﬁ 2
' A P Y A 9 ax A a
ﬁTJJ'liﬂ"ﬂ1?]11/‘]']513“@@51/“??%13?[%11!ﬂ'liﬂi‘]Jll?\iW')@’JﬁJ’J‘ﬁﬂ1i“VlNﬂﬁ ADNITYINT Y
A a g < 3 A 2 ~ a Y Yy o Y o Y T o
UTDEIAYLUAL AN NISTHTUITUWUANULTIUNA Gl,Wda@ﬂamﬂummnﬂu”lmzmwmﬁ@ﬂa
4 < a o { o @
Gluuazmaaﬂiz@ﬂ (Osteointegration) uazﬁmmmwmmaﬁﬂiaﬁzﬂﬂu ﬁﬂ1ﬂ1ﬂ’)’tffﬂ
=~ . A 49! dy 9 a P v A ay
"l,mmuﬂwanmm Ti-6Al-4V 1WUUY uaﬂmﬂu"l@mimmas‘ﬂmmzﬁﬂumawwwmm
@ A o @ = . v a g
3ﬁ@ﬁﬂ1uﬂﬂ1%1ﬂ’)ﬁ@1ﬂlﬂ!u‘c’JiJW’ﬁlILﬂiﬂ T1-6A1-4VIﬂﬂﬂ?iﬂlﬂﬂﬂ@’)ﬂﬂi%ﬂﬁuﬂ'ﬁ
[l 9 1
Electropolishing giﬁ1h1§ﬂﬁﬂﬂ1§ﬂulﬂ@u LlﬁgLﬁH@QNHWﬁLﬂ@ﬂWﬂﬂi%Uﬁuﬂ1i Sand blasting
oY A Ay A o a a Y ad =~ Y Aq Yo o
LlagEN]lﬂl,ﬂiﬂﬁﬂ@@]uuﬂﬂﬂi"lﬂuﬂi$ﬂlufﬂi"llﬂN’Jﬁ$!®EJ@]@'JEJ’J‘HﬂWTVINLﬂNUlV\I‘V\h ﬂi%ﬁ?ﬂ‘iﬂ

[ 9

9 9
Y Y ! [ a a 9 [ 1 <
Tagdalu vonninmiudmunmsdsuilysmdieitmama Ililuativu lidawaaenunds

e

Y
1Az Tensile Strength ¥0IFUNU TnnTiouinsa Ti-6Al-4V DNNIGIANITOAATOOUAN 1AL
1 Y Y Y H Y
duludleuvsnumruauldadnae uazruauimumsisulisiidieisne diluadiiu

Y = ~ a =<

WANNTONUADNMTNANTOU TAANIITOULDIINANNETURIN IdaETANUEsUAIA 4

U

Y H 9 H
N'J%uﬂu‘ﬂl,iEI‘Ui]$1/luﬂﬁﬂﬂﬂiﬂuhl@%’aﬂ’ﬂ%uﬂl.mﬁN’J‘HEITU

agUmwsamveauwunulATIMIh 3
a o dy I Y <] A F) @ o o
TnsamsIdeiumaainganitviiaanme 15 lumsiamsonauvesdaaialy
a =~ = d A A 1 [ Y d”d
Taswarss1an 1sau IL-18 FuiluTilsAunaouduosronsonay Tumsainyganinatisg
¥1N15A5 9 capture IL-18 antibody 841U Glass slide 1d291n13Mead 10819 laa1nngu
Y
#10619a9 11 9101111 11aT90 Y Secondary antibody 118213111/A 53980 UAT Fluorescence
. . 1 3 1 L% U a = d‘ = =
intensity laga1aanavzulsiuaiunudsuinvesllsau IL-18 TaulonSouiney
a o dyw as ) 1 d‘ A [ 1 g‘/ Y A
HaUITEUNUITNITATIEe VN 1)uny ELISA nuduasesiestnantiulslsumves
A A 9 1 1= ] o =~ 1 A A < A I
oaNlagnualANNUN UGz IANUUUFDNO I FID01UHUINNITATIVADUNIS

enauandagdelugiuuylng imunzdmsumsasseamsiilil1diclaae 11



117

U U

U a
52 AuazNanHYeINNIVY

1. NFL.AT. DUTIN ‘iﬁ%ﬁ%”ﬂ?ﬂ%
Y
ﬂﬁﬂgﬁi’)ﬂ’)ﬂiiu%’)ﬂ1w ¥U 6 fﬂﬂﬁﬁﬂuﬁ’)u 4
a J a o = F) =}
AUSIAINTITUAIANT ll‘VH”JVIEﬂaﬂlﬂﬂIUIﬁﬂWigﬁ]@MLﬂﬁTﬁuui
126 0.1/32919Nel HYIIVNVA WAIAT NFINN 10140
@ J
TnANN 02-4709116 IN5815 02-4709111
15230 sAn

ﬂ%ﬂlﬂﬂﬁl’t’)ﬂ D.Eng. Materials Science and Engineering Shape Memory Alloys University of

Tsukuba jﬂu
‘]E‘EIJU‘EIJ”ITVI M.Eng. Materials Science and Engineering Shape Memory Alloys University of
Tsukuba ajﬂu
‘]J%‘Elluiy”lﬁdi B.Eng. Materials Science and Engineering Shape Memory Alloys University of
Tsukuba ajﬂu

QY ‘d'o g
AaHIENTINEY

[ A o ' R A [y o o

1.msnuguuazlSuauia TavenausigUngy TiNi e 15 luauiuanssudmSulszima
Ine

=< A A = o
2.ﬂ15‘f”fﬂHWN@HHI,GUT]L‘W?J"I%?TNblLlﬂig‘]_I’JuﬂTiﬂ\iﬁ'JﬂIﬁ‘VigNﬁ'iﬁ]"lgﬂ

va 2 = 9 Y 9y Y 4
3.mmmmﬂauazmimugﬂiamNﬁu"lmmuﬂumm‘umﬂmmmqmummwm

o a 4 Qy [ 1 a ¢ a 4
4.ﬂ15ﬁ"|53i]!,m$'Jlﬂi"l%ﬁgﬂllﬁﬁﬂ"liﬁﬂ‘ﬂi@"ﬂ@ﬂfuﬁ'Ju@NﬂblUﬂi%llfJuﬂWiwa@%ﬂiﬂﬂﬁﬂ

d’ A Yy o A a
LW@WWLLH’J‘VINﬂﬁLaE]ﬂi“]f‘V\lﬁiJLﬂﬁE]‘UNﬁ]

¢ 1
2. 3. lwyad ¥33n04

MAIFIIAINT TUYAT NG

a J a @ = Y ~
AUSIAINTTUATNT 3J°Vi'l']‘1/l8'l€‘1ﬂLﬂﬂTuIﬂﬂWizi}@M!ﬂﬁ'l‘ﬁuui
126 0.5 HUVNUA WATNAT NFINH 10140

@ 14
Tn3fnn 02-4709189 Tnsas 02-4709198
sz iamsann
Mechanical Engineering at Universitit of Hannover Dipl.-Ing.
Promotion study at chair of material science and mechanics of material, Technical University of

Munich, Germany Dr.-Ing.

v
%4

KaNUIENd 1Ay


http://www.uni-hannover.de/
http://www.tu-muenchen.de/
http://www.tu-muenchen.de/

118

1. Comparison of methods for determining near-surface residual stresses of implant materials
2. Wearing and Wear measurements of mechanically and thermochemically modified implant

surfaces
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2. Prediction of Naphthalene Bioaccumulation Using an Adipocyte Cell Line Model
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1. Optimization of Chemical Vapor Deposition Synthesis Conditions for Multiwall Carbon
Nanotube by Statistical Analysis of Experiment
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1y (Feasibility Study of Fabrication and Coating of Orthodontics Screw Mini-

implant)
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6,214.00
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Tus WNYUYHY A835M3 Electropolishing (Study of Surface improvement of titanium- base alloy

for human implant by electropolishing method)
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NI @ﬂﬂu (Development of a Microfluidic Platform for Early Detection of Inflammation

Caused by Implant Materials)
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