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7} HA800°] v =3tk

2E: 2 179 Aslol] SFUAANE HEFFEN] o L4825 YL o] §alel $UAAD AL T F LAY 1] 0T AALE} S5 252
77 3}2} HOS (human osteosarcoma cells) 4] £] 223} £3lo]| Z3}7} 22 A 0 2 eyttt (o 2] 2 2 13] %] 2011;49:333-40)
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A= Fgste] 2l Bot fr2 gk 21 & Folahs Wy ol o] 24 1.2 5-ZH(lon beam-assisted deposition, ©] 5} IBAD)2] 3 0]
AHEE T QITE A EHES] W ARV E 7}’\]?]% WO &3to] HAE FH8l= o] F5-2 a o
2 == grit blasting, acid etching, titanium plasma spraying 5-2] ¥}-4] o] Overgaard 52 U ZTHE ] T I H HAS| A% s} =7}
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= Wst €t o] 2l GA
2] £ meh JSUE ¥Ho)] 2R E HAS| 2 stee &
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& A7 e F=ats TS ol gel Elebs EHe] Tio:
T2 Fst AA71E S7MR1 F, IBAD A 2] ©] 89
] HAS 100-300nm= 21t I8 e} givt S8 Al < 7}7]

€ EER dA2 S Aldste] 2o uheb HASl A

Heiwe] ol 2 Hold 1) 2 Ale EHle] v 2o H
5233} ool U] g 22 A 9HS-S A5 1 314} 2l

eV

1) &=4+3}4] 2] (Anodizing Treatmenttreatment)

218 of| A-8-8 €] ElF A A (Cp-Ti, Grade 4, TMS Co. Ltd, USA)
= 274 10mm, 7] 2 mme] 7] = A ZFskginh. 2F Al H & A
3 (400- grit) 5 o] &5t FA- w11 Al §F F opA| =T} ol &
=5 o]8at] 253 A1 8130

A RE AR FFAE S AXUA Eee 229
o 2hsheh-g g st EW AWV E TR 5 AkEE
93} A4 0.15 mol2] calcium acetate monohydrate {Ca(CH:COO), - H:O}
2} 0.02 mol2] calcium glycerophosphate (CaGH-OP) = 2 3] 2 2 A}
STk (H=roll Aol AR Al FASI I (=0l =

& $79 Hleta(Grade2) o) & T2kl oh F&3 74 ¢
bt 7] 98141 250-300 V A tstell A 3R HR{E S
27 st} FFAEE A A RE gL ofm U R A Zd
Wz ol A 21 = A

2) o] &-H] B ZZZH(Ion beam-assisted deposition)

234 S B AREAL AL E 2N 5
Al 9] WS IBAD A| 28l & o] &3] HAE ZH 8ISt
Q] © 2 HAS AF£-319) 2.1, mechanical rotary pumpS- ] &
o] 10-2 torr77}A] A 2 FAFE) & THE 3L eryopump E- ©]-8-5}oq 10-
6tome] AT E WELT HAC) 912 2% 919 of
ZAr) 7F28H 0| A o] S o] 3] Al ] WS A
5 AANE o &5)o] HAS A7) Al7e] FRlo] 300
nm 71 2 524 = % 5]

HA9| s8jo] 58 A|HEL 2 7]7}d 2(AJ-SB3, AJEON
Heating Industrial Co., Ltd, Seoul. Korea)ol] o] z+ AdFH =
100,300, 500, 800 C 71| 2 =5 A1 A SA 2ot =244
SZ71L 5¢/mine 2 513t

Qb oy 1L

Ao BF
FFAtElo HA ZHEo] 4 H AHELS Slo] o2 7
9tk 2T o 7 A} 88 2o
o U] o] 7o) Ao Al AEL o] 2R H 2SS
o] &-3lo HAS FE 8k 3 zF 139 2 100, 300, 500, 800°C 2 A
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Table 1. Classification of the test groups

Name Treatment conditions
Control Anodizing only
HA100 Anodizing + IBAD + Heat treatment at 100°C

HA300 Anodizing + IBAD + Heat treatment at 300°C
HAS00 Anodizing + IBAD + Heat treatment at 500 °C
HAS800 Anodizing + IBAD + Heat treatment at 800 °C

A ATk 22" 7H7he] 7155 HA100, HA300, HAS00, HA800
0 2 FEote] A4 o3l th(Table D).

ORI

]
Al e AAA TS GolEy] gt AR dll= A &FA]
SE(Human osteosarcoma cells, ©] 3} HOS Al| )2 A}-8-3}5] th. HOS
A 3= 10% fetal bovine serum (FBS; Gibeo, Rockville, USA)Z} 1% 3}
A3 | (100 unit/ml streptomycin, 100 £g/ml penicillin; Gibco, Rockville,
USA)7} 338+ Dulbecco's Modified Eagle Medium (DMEM,;
WelGENE Co, Dae-gu, Korea) 2. 2 37°C, 5% COHl| 7] | A Alth
Hj oFsto] A&l ot A EE AT o] 5 3- 50 Al X7
= A3l AT

5) 39 7] 2 7] (Surface roughness) =%

AT 27 AlAY EHAAY = EHEES47]
SE3500 (Kosaka Co, Tokyo, Japan)2- ©]-&-5to] Z7g a3 vk 3] (&
A8 2 Al W& FAlste] F41/41% T 2% (Centerline
average roughness, Ra), 2| tf] 3= ©| Z &= (Maximum height roughness, Ry)
107 93 7 2% (Ten point median height roughness, Rz), 2% 7+24
(Spacing of surface peaks, Smy), % -+ 12 (mean spacing of local peaks
of the profile, S) 5= 783ttt 2 AlH-& FARIAAR] 7
(VEGA TS 5130LS, TESCAN, Bmo city, Czech Republic)S £:3]] 3
A PSS

6) X1 8]7d -4 (X-ray diffraction test)

FHo] AR F2E B25617] 9@l Xaay diffiactometer (Geigerflex,
Rigaku Denki, Tokyo, Japan)E- 0] &3] X1 3] 52412 A 81519
T2} AT & EEfo] =gl 1 shof ] ol kel F 154184,
40kV, 20 mA 2] CuKaAl & E3}5}0] 20° o A 60° W 9] ol A =7
oA

7) Al 52153 7HMTT assay)

24 well ulj Fkol] 2} well'd &k 7] 9] A& 22 3, 2 well & 5
x10702] N EZE EF3}a, 10% fetal bovine serume] EgHe
Dulbecco s Modified Eagle Mediumel] 244 71 vl &k&lo] A L7} A]
A 9ol 2 F-AH =5 51k 249 714 o & v A| S w gk
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A=ABtH2IE ElEHs EHO| O|2UEESAUAS 0|23 TustlEY TYA| 22T Rol7t ZEMZ0| 0lRl= Y

HjFatsitt. 1, 3, 5, 79 A ol Z42f MTT assay S A Al 6H3Ath
0.01 M Phosphate Buffered Saline (PBS)°l] 5 mg/ml= 8- A]7]
MIT (Signa, Yongin, Korea) &2 02 €] 2 o} 7}3ke] 21 vel
330 4% A 718 2 37°C, 5% COHl 7] ol A 44 7F Bk vl ok
SFATE M FH -2 T A A g - dimethly sulphoxide (Sigma,
Yongin, Korea) S Z} well - 300 4% 2 715191 T} 96 well Bl &F33-o]]
Z} welld 100 g E-Z=5}od microplate reader (Model 550, Bio-rad,
Hercules, USA)l|A] 570 nme] 5ol A §33 28 5% ot th

§) 9l QAHe Hd 24w 7}

HOS Al % o] £3t=5 H7tetr| Sl dau]A JAtEe &
2> (alkaline phosphatase, ©]3} ALP)2] A == 9 7}3}9]t). 24
well 1l Fkol] zt wellg gk 7 2] A1 A 2 ¥ 3 2 well'd A 255
X 10708 B3 T A L2 v Faloit). 2 71 o 2 v =
wghstn] 743 FetlTt 1,3, 5, 7 A ol 2h2} &) <l
e ELd) BHEE FAHAL ATHFAE AAL F
PBS= 23] A 2} 3}53 t}. 0.1% Triton X-100 (Polyscience, Niles, USA)
< 7} well 300 %) A 7F3h A 2ol 4] 3057 W3
p-Nitrophenylphosphate (Alkaline Phosphatase Kit; Bio-tad, Hercules, USA)
£ 32171 1 X diethanolamine buffer & 150 4% 31 7}3}od 37°C ]
A 1083E BEEAI 1 3, INNaOH 50 A S 7Fato] whHg-2 54
A7k o] Qlo}7] 1.8 96 wel v ] 1004 255
11 microplate reader (Model 550, Bio-Rad, Hercules, USA) 2 405 nm
o) hgelq FAHEE ZHET
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HAZ 79§ A1) 0 7)) 2 2415 27} Table 29} 2
2 A7E Q). B AL7]e] ARHR)S 2 W) G4}
A2] 3 IBAD 4] © 2 HAZ 28 sjo] & 1 72 7] o= ek
o

2. SEM 24
AAAD| A 2NN = FFAs A A ) 22
IBAD W4 © 2 HAZ 283 A 2e] BEepge 2

=
Ho|#] ekSIthFig 1). t}Rt HA I8 800C ] 2&olA] 44
gt Al ol A = HASI R S-2] 1 o] ' =] %A thFig. 1E).

Table 2. The results of surface roughness tests

Control  HAIO0  HA300  HAS00  HAS00
Ra (#m) 0.36 0.34 037 037 0.30
Ry (pm) 262 257 226 246 228
Rz (m) 2.07 1.90 191 2.03 172
Sm (¢m) 0.069 0.068 0.076 0.06 0.044
s (¢m) 0.018 0.019 0018 0.018 0.016

Ra = Average roughness, Ry = Rmax (maximum height roughness), Rz= 10 points
median height, Sm = Spacing of surface peaks, s = Mean spacing of local peaks
of the profile

Fig. 1. SEM morphologies ( X 2,000). A: anodizing treated (control group), B: HA100, C: HA300, D: HA500, E: HA800 group shows some cracks (indicated arrows).
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g itstelslY FYA| 2ZREOf Aot ZEMEO| 0lAl = Y

Intensity [A.U.]

Intensity [A.U.]

HAI100:2} HA300-0l| A = HAS] 2R e} 7} AZ5] A
©1} HAS00 T2} HA8002] X 3] " B4 Ao A= HA
peak”} VFERETE HAL007 2} HA3007--& HAZ} -3 A el 2 &

olo
sk

A 5Fe] X418 B2 o A] HA Peako] LFEFIA] €F9kt}. HAS00
ol A m] kgt 9 B & HA peak7} H.o]m HA800wo| A &l gt
% H] ©] HA peak7} #+2H] A TH20 =31.773°C). XA 3] 4 4] 2 7}
500°co] ol A AlH s 8 Yol HAZ} 273 /e
2 &3 A2 & S Ui thEFig. 2).

A —
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=1 |
< 400 ] .
=z 3 x
% B TiO._Anatase
kS . ‘ T
200 |
1 Ti
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0 T T T T T
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800 1
. 250 4 1
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Fig. 2. The results of X-ray diffraction (XRD) test. At HA500 and HA800 group, HA peak appeared but there is no appearance of HA peak at HA100 and HA300 group.
A: control group, B: HA100, C: HA300, D: HAS500, E: HA800.
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A=Leix2|E ElEtE

#Hof 0|2 2ROl Mot ZEME olAE SF

1)l o JJrHA 0072} HA300<o]] ¥] &) HAS002}
HAS007-] A1 H1 A E2 o s BT 3EA 7 & o
2 &k 2ol 7} vﬂﬂoiiﬂr A ol FHH = Y >‘<}01 8iol

H| %23 2452 JeER At EA A o A2S 93
ANOVA fest 42} HOS A| 3£.9] 2452 14 3} 3Y o] 1 olg
uHg} 2po] S B¢ 0 1K(P<05) 5 o] Foll & f-o] &utgl xlo] =
H.0| 2] &kt} (P>.05)(Table 3).

o] of] thgh Ak 717 (Scheffe's test) 2 7} fro] A+ Bl 149
7 —?AEH Z7+37} HA100, HA200+-9]] H] &l HAS00-2} HAS00 w-©]
d £ 2475 19 on HAS00T 7} HAR00T 7+e] #-9] A=
‘”91‘1} 3 oA gtel A= HA800 ©] 71 £ A 3= K3
O AR A 7 HAS00- 7 HA300 3] -9 2k= §191
CTHTable 3).

b. &y eliEsh =

it

LA = E17|.

oL o

Fo

ALP S & A= 1,390l v 5, 7Ll A B FElo] et
I THTable 4). ANOVA test Z 7} HOS A 2.0] ALP @4 =39S
A L] gk 1,5, 7D A A o] drbgl 2ko] & B THP<05). o] of] t
3l A} 373 7 (Scheffe' s test)y S A A] 81 A 7} 19 of| A = HA3007<]|
A 71 =& ALPEA £ 2 B9 o) HAS00 2} o Z-7te]
Frolzbe st 5UA o Aol x = HA800w 0] 71 £&
A32 B9l on, HAS007 o] 1L theo R 28 AE B
th 797 o] A A= HAS00w o] 71 & 235 B3

Table 3. Mean (O.D 570) of the MTT assay results

T2}, 794 o) A 3hol A HAS00- 3} HA800 -7+ f-2) 2=
A THTable 4).

k)

—

r>_12i0k032r
Hofoh o ob 2 foh

Eebiro] 2 AAA & Bk Ere] FAHE 2
w3 133 Belo] gtk AAA o ol Az

Elebire] AAA S 017 19 ofe] 717 e
of Q91A 0.2 Aeere PAe)ETh A 2o 178
WL o] §5te] ek el AsuLe G473
"8 (Micro arc oxidaion; Anodizing) 3421 & 53 Bl b W
ol vhaael Bekehe W4T oA Qold theael
72 242k invio ARG AL B E Z7H7) 5L, in
vivo ARl 23} QERES] AFL AR Z7HA)
= Ao SeFTh o] BRl ALe] 27} 9o Ak}
v Cash P7} E3H5] & Aol = 7191 Gk, FFArEPY 02 AF
39S F4 A2 w), Wa) 2 2 AL 5 CaCHOO00). -HOS}
CaGH:OPZHF-E Z}Z} Cas} P7} Abslul)) 2 &) &) 11, Caol P

£ 2BAT WL FINA RS ZAANUT

Jsﬁﬁf

T

Arstetel A S, Absterel S, nAlF- &, A7), Caot P
o] g =& k2 AE A oA AL LEHE A e 5 =

=AY AR A 5 2o 2M 24 7hEsie e ok:
Aol A Ahs = A1 AP & Abs e AR F
7¥ete] Atshauol $9] == Ca, P <F= F713h 18,
A&ER o2 S5 S/ 714 4bslete] o] WS =
B2 akslete] FAE SV 7] = Aol = e Al 7 ok

1 day 3 day 5 day 7 day
Mean SD Mean SD Mean SD Mean SD
Control 0.144 0.005 0.442¢¢ 0.012 1.103 0.014 1.282 0.011
HA100 0.141° 0.003 0418 0.014 1.099 0.032 1.274 0.010
HA300 0.140° 0.006 0.458:4¢ 0.015 1.098 0.034 1.278 0.016
HAS00 0.166° 0.002 04714 0.008 1.105 0.036 1.292 0.040
HAS800 0.168 0.001 0.4874 0.019 1.107 0.034 1.287 0.014
*Scheffe’s test for variable (P<.05)
Groups with the same letter are not significantly different.
Table 4. Mean (O.D 405) of the ALP assay results
1 day 3 day 5 day 7 day
Mean SD Mean SD Mean SD Mean SD
Control 018120« 0.002 0.387 0.015 0.535 0.025 0.792 0.017
HA100 0.177* 0.005 0.381 0.061 0.468 0.004 0.576° 0.013
HA300 0.192¢ 0.006 0431 0.061 0.466° 0.023 0.616° 0.056
HAS500 01850 0.004 0418 0.009 0.592 0.020 1.040° 0.021
HAS800 0.169 0.004 0435 0.021 0.668 0.014 1.014 0.078

*Scheffe’s test for variable (P<.05)
Groups with the same letter are not significantly different.
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2o Zo7t Z=HZ0f o|x|= BT

o} lom FWzw} shatd Aol Ud YA GHEES 2t
o} WEbA, JESTE FHO HAS ZE3to 7 JZTdES

X
Ay E PR 5 oIk Y ERER A ﬂatgui
ol HAZ F 8 3}= W'H © 2 = electophoretic deposition,” dipping,”
hot isostatic pressmg,'” flame spraying;”' plasma spraying,” pulsed laser
deposition® 5-°| It} 1 Ft 7P FRE YA AHEERE
plasma spraying #}4]-& 9kx AFE QY F& FHO| AZSHE

AR A bl el “d—ﬁ”—‘i se14 A gl B
g AR ES AT F o= o2 A Th ey

plasma spraying W] - HA S E] ] LA oL, A ol
A HA7}TrﬂQ74Ur Trethe A3 353 HA Y] 23

o] F-Zsirhe Tl S 2t Aok
t‘id ol ZZE | T HAS 78 3} 9 o] HAY] bioactivi-
tyﬂoﬂ,:‘i%vA 2o 5 33517}51‘3} Aol 44
H AdEl A JETES] EH O ERE FEFo] 2| o

o{Nr

£ QEREY 1 79270 tia) 7119 A dhef 3
;g;ﬁlgloéﬁlzv_g ];(])‘O]‘jl_26

YEVE Bele) I Fo] /Mot G ETE F2Y f4E
Aol A o] 8} =7} srotol ks Hlolth o] 3 FHES
F83)7] 9l e W E 2 IBAD WAlo] A2 7154
& HolF1 3ok IBAD W4 & o] g5l HAS H & 7+
I A3 2 35-70 MPaE HQIth» & A o] Al-8-¥ IBAD H}
Ael] 21 HA 1)) 52 771 & 300nm =2 7] o A v
2 HA 820 ol gk 7] of] v]ef vl gFe5-& dA T

FHZ9 FE 300 nme] ZHteto g YAgto ma FFAt
stA gl o) dolxl T A o FHRGEHE A S 5 Tk &
SAkskA 2 & Esl 0401 Bl 7%?‘ 719] %t FhRa) 036 um
o EZtE R FE
ﬂaiﬂaﬂﬂiﬂAWWﬂ
517 ©th. Martin 577} Mustafa 52& 77} 159] 2
el 919 ARV & 7 A5 259 S48 &
s'50] S7HaThe A Rtk AHSE Aol tg w7 7]
27] S A FFArsA Rt A gt 2] A 7] H]
8l HAE I8/ gk 59| 37 A7} ETHE 2lo] & HolA| &
&8 o % 9lnk o) FAARN AN E B2 b5
oitt. whebA, B Aol AR A ] A 2ol 9lo] =
At E F8l S W AR 42 HA 2859
P Tl = A& s Ao =2 AHE

BAD 20 2 1ol 759 9le] HAL -89 tjel s
=2 éﬁ’}b}EH“] HAO“ H]OH lr'f%% HJ—E E?_\’J'i o%HAA
83 == HAS] A% 3} e ofl 9 3= Wh=th wabi], HAS] &
P2 A7 Yl s HAS 233 A= vy = 2
87} 9lom o] & 9Jal HAS] &2 3 & AX|A| Hr

7 Aol gk XA d EA 235 B HA1007 7
HA300-& HAS] A% o] Ko]#] ¢ o1} HAS00Z 2} HAS0T:

& HAS] 2 ge] Yehd g & & ek Yang 5 27 £

F % slonl AR
45l
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751 =d| 400°C A
9 + 0.4%°] 1 600 cow iéﬂ&ﬁ

S3d HAS= %751 9 ez 24 oh HAsoo;LJJr
HA800T X = 783 e ot 24 F del7t EAld i A
Zhet}, e}, HAS) A3 812 A7) 9la) AAst= Ao A7
27 ol A S HA RS AR Lot Al
Bl 23} F4:7k0] GuAA|5o] 2to] & <ls) HAS] 7 o]
gk 2= o)t} v o] 2] 3t FY & FE) 20| AL 71T
o] Elt}. HAB00S] Z:AbA 218l w] A A2l o ] HAZ
ol TS AT FFAkeaby = AL =
H Abglate] o] dojd 4= Slk e, FAR AR
AFRI ALl 4] HAS00 6| A ok F o] kA3t A 0. 2 Ko} o]
27 L5 o) 79 = ghE )
a4 JJF A% 8 HAZ} &A1 5h= HAS00 2+ HA800:
T 25l Ml w2 ALP 24 wsh ST S

[e)

-

Lo fr 2 Ry
o o o=
gr&

i ox N
?fg e

FFI
>
nﬁ

i

B =5 30] o
HCE7”‘E%%1HWH3%¢§§%@%%EQ
250 2

o sg 2o
differentiationS- 1.3 T} vt
4 8371 =% 4 7 osteog enlCdﬂfelmﬁaﬂOﬂ_ Wal|ale Aoz
H| w2 @7 7kel] A A O] wh-g-2 7het o
| A ZE o] &3k A 3 S ol A o] Aol B, A
Al A vhe-g o S37] 918 7|2 JH=Z &8 3l
L, Z717tel AR YA RES-S
A ZEE T} whebA, invivo A &
o= A7bett,

Hrkhe e rlFY AoR
34 e AT LT A

h 8

71%

;
N
lI.
Hﬂ
2
o
=)
ox,
o
ol

ElElg Al e —%01;
IBAD "] © 2 HAS 586}, 7+t | ooc 300C, 500"0,800"(:011
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ORIGINAL ARTICLE

The effect of different crystallization temperature of the hydroxyapatite coating produced
by ion beam-assisted deposition on anodizing-treated titanium disks

on human osteosarcoma cells

Ahran Pae, DMD, MSD, PhD, Hyun-Du Won, DMD, MSD, PhD, Richard Leesungbok, DMD, MSD, PhD,
Hyeong-Seob Kim, DMD, MSD, PhD, Yi-Hyung Woo*, DMD, MSD, PhD
Department of Prosthodontics, School of Dentistry, Kyung Hee University, Seoul, Korea

Purpose: The aim of this study was to study the effect of hydroxyapatite (HA) coating crystallinity on the proliferation and differentiation of human osteosarcoma cells.
Materials and methods: Surface roughness of the titanium disks increased by anodizing treatment and then HA was coated using ion beam-assisted deposition (IBAD). HA
coating was crystallized by heat-treated at different temperature (1007, 300C, 500C, 800°C). According to the temperature, disks were divided into four groups (HA100,
HA300, HA500, HA800). With the temperature, crystallinity of the HA coating was different. Anodized disks were used as control group. The physical properties of the disk
surface were evaluated by surface roughness tests, XRD tests and SEM. The effect of the crystallinity of HA coating on HOS cells was studied in proliferation and differen-
tiation. HOS cells were cultured on the disks and evaluated after 1, 3, 5, and 7 days. Growth and differentiation kinetics were subsequently investigated by evaluating cell pro-
liferation and alkaline phosphatase activity. Results: Regardless of the heat-treated temperature, there is no difference on the surface roughness. Crystallinity of the HA was
appeared in the groups of HA500, HA800. HOS cells proliferation, ALP activity were higher in HA500 and HA800 group than HA100 and HA300. Conclusion: Within the
results of this limited study, heat treatment at 500 C of HA coating produced by IBAD has shown greater effect on proliferation and differentiation of HOS cells. It is considered
that further in vivo study will be necessary. (/ Korean Acad Prosthodont 2011;49:333-40)
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