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Effect of Hydrothermal Treatment on Cytotoxicity
of Titanium Nitride-hydroxyapatite Coated PEEK
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Abstract
Purposes: To study the effect of hydrothermal

treatment on cytotoxicity of Titanium Nitride -
Hydroxyapatite (TiN-HA) coated on Poly-
etheretherketone (PEEK)

Materials and Methods: Twelve pieces of
PEEK, TiN-HA coated PEEK and TiN-HA coated
PEEK with hydrothermal treatment were prepared.
The toxicity tests on L929 cell were done by indi-
rect contact method at 24 hours, 7 days, 14 days
and 35 days. MTT assay was performed to evaluate
cell viability. Cellular morphology was evaluated

using a phase-contrast microscope. The surface
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morphology of coated films was also assessed by
scanning electron microscopy and atomic force
microscopy.

Results: PEEK, and TiN-HA coated PEEK
did not have cytotoxicity effect on fibroblast cells
both prior- and after- hydrothermal treatment
groups. The cell viability in the same material con-
dition was increased when duration increased and
fibroblasts showed an elongated morphology and
a good congruence. Additionally, coated hydroxy-
apatite increased material surface roughness.

Conclusion: Hydrothermal treatment of
TiN-HA coated films were not cytotoxic to fibro-
blasts and surface roughness was performed by

hydroxyapatite in the coated layer.

Keywords: PEEK, Titanium Nitride-Hydroxyapa-
tite, Fibroblast, MTT, Magnetron sputtering
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maseieanalalewdanielelou (ultraviolet/ozone sur-
face treatment) (2) NM3tARBUAIINA (deposition tech-
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gon (debond) vastulansendezwilndiadiouds
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A3zMeNTIe (Grinding/Polishing Machine, MoPao
160E, MEGA Advance, China) saufiuiusdain
doaULAzNTMENTIBANUAZIBEA 400 600 800 Ua: 1200
A3m mMusIAU anuszondusunaasslasudlues
woauaze:dlausiuduinIossanlafin (Transsonic
T700, Elma, Singen, Germany) WuASeR: 10 Wil
muidu Usesliuiofiganadviesuafvlunimus
wisitaaiin (2542 sormwades) Wunm 24 dalue
dntnszviumsiadevin lnniiisululasa-lansen
FozwmlnAmunsAnwives Nupangtha uaz Boon-
yawan? Tnewssuedaoinioulugmaimaszuuens
oW uuniinsou 8ilano3s (RF magnetron sputtering)
Tduiulanzlnnuflonuians (fewa: 99.99) iduru
Audnma 75 fnfiuns vin 3.5 fafiuns vimdhiduanlsn
(53Ul 1A) Saduwiulansendozwlndfivhmiidu
s13ARau9In (co-axis target) ('gﬂﬁ 1B) 91111270

Aaa
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e~

wiou (mlsn) AUIRTEISU (WBDLA) (gﬂﬁ 1C) 91 10
wuiung Minauszuiglulasiauuazensaeuduy
AMalAfseuasMeslane3omMusIau AIERIIATT
SefgersneulwiiAaci 55 scem unzUSudARINTDY
fglulasiaud 1 scem  91auUsuanusumeluisg
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" v | 3 = -3 - o o
wmaauliogsznine 3x17° 69 7x10” nes uasuSumag

91510 (RF) 99Ua2 200 706 13UAT2UIUMIETIALAD-

RF power

Avaspec-2048

~(26)

A: usiulnnuidouusgns (mlse), B: wwulaasendoswilvs (s1mpdouithsau), C: WodiA (Iggsevsy)

Figure 1 A schematic diagram of sputtering system with the optical spectroscopy (OES) system

(26).

A: Pure titanium disk (Cathode), B: HA co-axis target, C: PEEK (substrate)
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nszuaunslalasmesues (Hydrothermal treat-
ment)

woRednnddsulnnudoululasd-lensend
axwilndoonidlu 2 nau Uszneudie nguivilelasnes
uoauazlivilalaamesuen nquaz 12 Ju nguiin
lalaswesueaioaeiifuresmaus (teflon container)
‘?i\jU'iﬁ;ifwﬂimmﬂlaaau (deionized water) U211
wgauanieu (hot air oven) MvuAganAL 100 BN
wades Wunm 12 Hlus vinduuseslidusined
gamaivios 24 dalue udnAvludmuananuduiie
dhandiasziseld mavhlelasmesuealumsfnwildl
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manssugas i lusumsn

Tdwadasoduly (1929, Murine fibroblast
cell line) oovyiiuiadildnagouanuiuiinvuns
WARAMT (American Type Culture Collection (ATCC,
Rockville, MD, USA)) A1uAZ80993:0U11ATIY
10993 Part 5 Cytotoxic test (ISO 10993-5:2009)"")
Wesfeosidesuaduinffudifuauysal (Dul-
becco’s Modified Eagle Medium, DMEM) (Gibco®
BRL, New York, USA) iauﬁu%%’maagﬂi’ﬁaﬂa: 10
(10% Fetal bovine serum, Gibco® BRL) wuil@afiu/
snsulndedudamn wazwoulwinesdud Seuaz 1 (1%
Penicillin / Streptomycin sulfate and Amphotericin B;
Gibco® BRL) wadgnidssludimzinowadionmail
37 avAnides uas dszaumiusulasenlusinen: 5
szAuANNTUALINS Souaz 95 Wasue A 1-2 Tu
viofleinaasudvesemaisswadauldioadifiu

NURBIIRE N IuUsRaNe LY lun ARy
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manIeumetouazssililunmaseu

matoflilummaseuanuiuivrowasinlus
uaERaeA UL USen wlvdunaseuseniiy 6
ngu sougaslumaeii 1 vimsvasadedunageusie
n199uUf% (ethylene oxide sterilization) 41 RN
fINARNTUNATOU (material extracts) Tnamsuddu
nasauaslue R dTiaAdufduauysal wi
il lugmaziRoowadfionmnll 37 esmiaidea
SRINEINTDITWINTUNATBUABUSLIATOIMSIRDILTRE
fio 3 myowuRwnsseiadans® Taefiszeznains
wiBusagounnsody Wuan 24 $alue 7 0 14 Sy

waz 35 94

A15199 1 UFAIMITULIAGUNATEUAIIUITUAY

Table 1  Sample test groups

Material extracts
Blank (DMEM)
Plastic coverslips (Thermanox®; Nunc,
Rochester, NY)
ZDEC polyurethane (Goodfellow,

Group

Control

Negative control

Positive control

Huntington, England)

Experimental PEEK (Suzhou Industrial Park Jinlaida
group 1 (n=12) trading Co.,Ltd.,China)
Experimental As-deposited PEEK

group 2 (n=12)

Experimental Hydrothermally treated PEEK; HT

group 3 (n=12)

PEEK: Bared PEEK,As-deposited PEEK: TiN-HA coated films
on PEEK, Hydrothermally treated PEEK: Hydrothermally treated
TiN-HA coated films on PEEK

mnaseuinANnuiuiuneigas (Cell cytotox-
icity assay)

nagauANULduREAowas laridn L929 Tneiwz
Beswadlidusinaunnne deogas uasiuloadli
fimnuvuudy 2.5 x 104 wagnevian luaavqu 96
v Wedluomadsseadidunm 24 dalue Aaw
JUNeveswainulAndosganssAmiuuuWansuNSan
(phase contrast microscopy) dlonsunathemsiass

[RRLAD0A  LRIUNUNMEDIMNTIRUIDARN bAIANT
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wiFunasevluszaznmiunnseiufe 24 dalug 7 3u
1470 uaz 359U Tud3ma 100 lulms@nsronqu Tne
fivqguAtuAY (blank) 1uomIAOuBIONENYIO] QU
AIUANAL (negative control) \uemsfiudurunszan
Uaslad (Thermanox® Plastic coverslips; Nunc,
Rochester, NY) UR:vQuAIUANLULUIN (positive
control) 1{lup1TutunuLYAFET weRgInY (ZDEC
polyurethane; Goodfellow, Huntington, England)
Tngvhmanaresduiu 3 vausdonguiunagoy 1N
Wwedluginzideodunm 24 dalus wdennduhems
\Ruowasenn LANEIAzaEIEUAT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a
tetrazole, MTT) (Sigma, St. Louis, MO, USA) A11u
Wudu 5 Aaansuneiiafans USua 50 lulasdng
wazifinemseiaisudisuilifiosdusneuresiues
130 (phenol red) (DMEM, Gibco® BRL) USuna
150 lulasdng lunavauihlulilugdmnzfsowadiiu
b 3 falug deasunaihewnsifimsazaedudii
aon uaziiulasadalnlosvdenicnedle (Dimethyl
sulfoxide, DMSO) (Sigma, St. Louis, MO, USA) g
1051Uea (ethanol) (Sigma, St. Louis, MO, USA) Tu
gaTaIu 1:1 Usina 100 luTasing Uaealiidunan 15
U LAHNINDIUAITEAUANNIULEY (Optical density,
OD) fiAnueanay 540 Wlnuns feedesinns
aanduusouuululasinan (microplate reader) tiie
Uszifiuanuiduiwrowasveoiaulnniionlulnse-
lansandozminamesosazanuiiiinvectag (% cell
viability) lnefesazanuiiiinvesgasiamiAumms
aanfuudsaavandildomnadsoadildnnnisutiu
AIBEIIADAINIIAANRULTSTBINRNAIUAN ABIFAIE 100
ssffinureadaiimsesa:anuiiindesni 70%"
MIANRdnEazTestAToU
AmaReUinuuAfouAnTufmendosansaed
B1AATPULUURDINTIA (Scanning Electron Micro-
scope, SEM) (JSM-IT300LV; JEOL) seAndisedian
AseuUSUIAEL 20 KV Welianzinufizesduaiou
smAumMslindosganssAiussesnou (Atomic force

microscope; AFM) 1LAT1EAATIUAENUNURND
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MIIATENTOYANIIFDR
ATINLANAIYBIATIA A YRR S BERzANTTIN
TOATDILTRE IHLAR ARUNANBUTNINIATIZRRIBE AR
NAFDUANUWYTUTIULUUEDINIY (two-way ANOVA)
WoiSauifisuAiafseoudazngy Aszduanudeiu
2<0.05 Tneldlusunsuesfiienion oidu 24 (SPSS

version 24)

HaMsANE

minasevinaNulunenowan

m3osazANudTinvooaas Wlusumasuanosy
M7 2 uazuwunfif 1 laedleRansanmutasiam
wudilungu 24 dalug msadnanAdsinuazRaa.n
afRdgulnmifieululasd-lanson@ezmlndnewile
lnawesusaiimanuiiiinueooasiosa: 84.320 uas
76.550 MURIAU WANAIAINNEUAIUAN (blank) ey
fashAt (p<0.05) luwnsdimfosazanuiidinsentes
naussnfindulmfioululasd-lonsendozmlng
waurhlalnsmesueailmiooa: 85.575 Liunnmsain
naumUAUBEsiveiAy uazlungu 35 Ju wulngu
fesnfiadoulnmifionlulasd-lensendezwilndnou
unzvaslalasmeiueaiimiseazAuiiinsonvoouas
LiunnsennnguAIuANetoitodAy uonaniids
wuilungunaaoevis 3 nau ilewSsudisuludionan
wenAuldnuaNuunnAsegslied A vesA1Sena:
Anuitinsoavaniuad Fousadluunugil 1A wazdle
fnsantiiavesianinanisn wuduiloszezaiy
3w manuiifinsenveswadlunaunanesidaiaiil
Waulnmifleululasa-lansondozmindneuuausoh
lalnsmosuoaiiumliuingodumusdu (wwunii 1B)
windolsAmunuhmsdnanngunaassviosiulide
TiAnanuiuivAowas InsRarsannnmiosazanu
ffinsenveswadinadiosa: 70 WewSeuifisuiy

NANAIUAN ASLEATIULNUANN 1B
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120,000 A et 12000 B) B2
PEEK. &7 doys
As-deposted 014 days
HT W35 days
100.000- 100.000-1
E 80,000 § 0.0001
3 3
> >
3 3
Q  §0.0004 ©  60.0004
g §
S S
400007 0000
20,0004 20.000-
0.000

7 days
Time exposure

14 days

BHUAN 1

0.000~
PEEK As-deposted

Material extracts

UAATANAREURANTENIULLIATINYBVTDER:ANTTIATOADONTIAN 1A TNANDUANITUAY [neutomIn (4)

SO IRSUANT I Uz (B) vilavavarsann Control: AguAIUAN (Blank), PEEK: Wasimngslulavsuaamia,

As-deposited: woninndoudigsulnuieululasd-lansendozwilng ua: HT: Wodiniadoudieisulnm

ieululasd-lansendezwilndsiurumlalasnesuea

Diagram 1 Mean and standard deviation of optical density (OD) from cytotoxicity assay according to A) Time exposure to mate-

rials, B) Types of material extracts. Control: Blank, PEEK: PEEK disks, As-deposited : TiN-HA coated film on PEEK

HT : Hydrothermally treated TiN-HA coated film on PEEK

\dleRnIandneuzIUNIuRzMINTENEMTB0RE
meldndeseansImisuuianeunisafiddoueey 40
Wi NENAILANLLLLINNANIAEYDIYARTIHINLIN
WULARVAINNRIEFUIIANNITNAAY L380AINTZANE
Auntjothonaiu 4 (Ui 2¢) luvaziianssinanngudu
wuladnfidinsenmani lnslwadidnuazindeen
sUsoAouieEen uazeganAuuiunILdioTeu
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Figure 2 Cell morphology under phase contrast microscope (40x) after stimulation by material extracts. (a) control, (b) negative
control, (c) positive control, (d) PEEK, (e) TiN-HA coated film on PEEK or as-deposited and (f) hydrothermally treated
TiN-HA coated film on PEEK.
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Figure 3  (a) SEM images of the surface of TiN-HA coatings. (b) represent the hydrothermally treated sample at 100°C for 12

hours.
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(a) AFM images of TiN-HA coating., (b) represent the hydrothermally treated sample at 100°C for 12 hours.
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