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Effect of ibandronate treatment on Ti mesh modified by anodic oxidation and
cyclic pre-calcification
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Titanium mesh is commonly employed to reinforce missing alveolar ridges and promote bone regeneration around implants.
However, the bioinertness of titanium mesh must be improved. This study evaluated the effect of improving bioactivity and bone
regeneration by loading a calcium phosphate coating layer and ibandronate onto a titanium mesh with a nanotube-structured TiO,
layer. The surface treatment of titanium mesh was divided into four groups: (1) No treatment; (2) Formation of nanotube TiO, layer;
(3) Cyclic calcification pretreatment (calcium phosphate coating layer) after the formation of a nanotube TiO, layer; (4) Calcium
phosphate coating and ibandronate loading after the formation of a nanotube TiO, layer. The release amount of ibandronate was
analyzed using a UV spectrophotometer, and bioactivity was assessed through XRD, EDS, and HR FE-SEM to observe changes in the
surface layer after immersion in simulated body fluid (SBF). Hydroxyapatite was uniformly distributed on the surface of the (4) group
immersed in SBE and calcium and phosphorus content also increased over time. This result supported that bioactivity was improved.
The continuous release of ibandronate over 10 days may contribute to realizing a mechanism that improves osseointegration between
bone and titanium mesh. These results showed that bioactivity was improved as calcium phosphate precipitated on the surface of the
nanostructured titanium mesh. Additionally, it is believed that combined ibandronate can effectively increase the stability of titanium

mesh and promote bone regeneration.

Keywords : Ti mesh, Bioactivity, Ibandronate, Anodic oxidation, Cyclic pre-calcification

Seon-Mi Byeon (ORCID: 0000-0003-3611-7000) *Correspondence: Seung-Geun Ahn (ORCID: 0000-0002-9105-931X)
Kyeong-Seon Kim (ORCID: 0000-0001-6197-5627) 567, Baekje-daero, Deokjin-gu, Jeonju 54896, Korea

Jae-Woo Shin (ORCID: 0000-0003-0834-4265) Affiliation: Department of Prosthodontics, School of Dentistry, Jeonbuk National
Chung-Cha Oh (ORCID: 0009-0001-3525-9333) University, Jeonju 54896, Republic of Korea

Tae-Hwan Kim (ORCID: 0000-0002-5761-3911) Tel: +82-63-250-2032, E-mail: sgahn@jbnu.ac.kr

Yong-Seok Jang (ORCID: 0000-0002-2757-232X)
Min-Ho Lee (ORCID: 0000-0001-6142-4876)
Tae-Sung Bae (ORCID: 0000-0002-8307-4544)

Received: Nov. 02, 2023; Revised: Nov. 24, 2023; Accepted: Nov. 28, 2023

205


https://crossmark.crossref.org/dialog/?doi=10.14815/kjdm.2023.50.4.205&domain=http://ksdm1966.com/&uri_scheme=http:&cm_version=v1.5

ME
N zgo] FhHOR ALE o] YBTE A
& Al B FYrt 8TE, olgd 49 Fol

arL

=
ARjel Aauke WEe THEAYEo] B EE T

=

o)
2 m
rEl
S

[HER e}
i
N
I
M
1o

ol kA |

polytetrafluoroethylene (PTFE)A| 2] 4=%|2} &= €]
ol de] ARE AL it PTFE ApH9RE &
Zrol ] ol Fgo] AFtE| A 7 Wol

4o B4 ARl S5atn R

o2
olN
rUﬂ
olo
o
iy
}:I
>
Hel
fo
N

o
o

915 27)0) Ao A

Alets) A28 sk
Ak o] WS A g

EhRg 71 Afolofl A At A

206

upgo] griaoz FHA GAHe] 7I42RE o
27} dojuhs 5o EARS BTk, 10), ol
ol Eebre] THEALS MM e Aol

Aol = HAS 9&83 AT fARE 8318 5ol
WA T glupgo] fA| £44EA] S EEA ] W
of tisto] Alo] mopx|ar Qlrk, T19) ekl |
O] sfRA Eaol2S sk Asld &

oA F=atetAzlE

/‘J'7

a1 A
AN = Qe HAZAZYO|EA ot EEYH|o|
E(Ibandronate: IB) 2FE-2 ZAjAYL 7418k 4= 9

ZeQl Sdolt, IB= 4

o] 753kl thgt #Aalo
Bl AZAZY O] ES
4> Frojof| o]kl A
71242 oFE Foio
(16).

ojo] & A-tolA= HASEIE S7HA7IAL, EA
AL e Ely] oste] YrEH TiO,
B w4
SA1713L, IBE FASHAT, EHA S e v
1o A =2} IBY W= 540l
ek,



= 2 I:él'hé'l Co, Ltd, Gwangju, Korea)?] =3} 2=of zzh

Fulah Adat w3 245k £ A3 oF 20

]
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wt% H,OE ot S2AE F8HollA A 20
2 AF A= FA 100 w EEbE Bvfe] 27 V, AREES 20 mA/ar®] 2HA 1AZE St &
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tH(Figure 1). 2) &8 M3|stHRE| Y X2
Ui FHE 4% AlHS 0.5 vole HE7t &
2. M x2| Hof 5 &t AR £ 100 CoflA 1AIZF &t A

25T}, QA% 4ES GEaly] 98] Aleof

1) LI=RE TiO, 52| Y A1 0.05 M NH,H,PO, =843} 0.01 M Ca(OH),

w41o] AzpgollA FAFE EHSO AgkES FEANS 20 & 2EE 90 CE A A
AAsL7] 28 HNO, : HF : H,OS 12 : 7 : 81& AIZE 123} o7 GAIAIZE 12S F7]|= ko] 20F]
S} gl g Al S 102 Bt AAIEk A w2 AAAYE shglnh, olojAd AHEE A7
MAEE 3t aL, o]ojA 3} SRFo|A 58 = (Ajeon Industrial Co, Ltd, Namyang, Korea)©]

S+ AlAS 51aL 50 T Az A 24417 Uy 2224w 10 C/min 2 500 C7H] 25
FFAEA o ARSIt o] ¢ YR H TIiO, 5 A 2417t & F-A ST
2 FA57] Yske] DC AAYUAA| (Inverter Tech

rﬁ
5

233 pm

500 p'tm‘.- S

Figure 1. Titanium mesh used in this study.
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Table 1. Ti mesh samples (4 groups) used in this study
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R
visible spectrophotometer; V-630, JASCO,
Tokyo, Japan)® wavelength accuracy = 1 mm 4

w5t

WEolA WERS FYHOR

4, A XA

£2 24817] 919 pHet 571018 =

A} G AVSHA 245 SM(simulated
body fluid: SBF)ol| £H|3t A|HES A A|5laLA] 3
2] ¥zks 2AFeEITE SBFE Hanks' balanced
salt 89N (HBSS; H2387, Sigma—Aldrich, St.
Louis, MO, USA)9| calcium chloride dihydrate
0.185 g/L, magnesium sulfate 0.09767 g/L,
sodium hydrogen carbonate 0.350 g/LE 7|5}
o] Alxstgon, 1 N HCl 4898 A-&3to] pHE

Group Anodization Heating Cyclic Pre-calcification Ibandronate
Non No No No No
NT Anodization Heating No No
NTCP Anodization Heating Cyclic pre—calcification No
NTCPI Anodization Heating Cyclic pre—calcification Ibandronate

Ibandronate Sodium Monohydrate

c CHj

HO—

\Terliary N atom

[
P P—O Na*

I |
OH OH OH H,0

Hydroxyl group

Figure 2. Chemical structure of ibandronate sodium monohydrate (adapted from Russell R., et al(17)).
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W3el U4s X-A 3187|(Dmax L-A type, ol YL Jeh2 AWt F2F ol 2wA A7} 4
Rigaku, Japan)2 &4s}¢lc}, SBFefl A5k AJH A= A BTk NTCP Z&(Figure 3b, )9
S5 vjwat] ekl mEshs AARE FAA  ERelAL, vAE 2ol el Qs HEES
FHu| 4 (HR FE-SEM; SU8230, Hitachi, Japan)2. o] golg|(cluster)S o|FH 2|UEHA AlZo] T3l
= U] Fejehy mAlt2E wEskal, Ald # ouj EDS &4 Ao Caft P7} A 7t
Hofl F2He A40] Fie Hoh= ofjuA] F4t 33| %thH(Table 2). NTCPI 15 (Figure 3c, ) Q14
(EDS, Bruker, Germany) 2.2 4|51t} e HEFesol NICP g0l Hlste] 4w dad

AL Moo} Erlo] A BESIL glglon],
Table 2. EDS analysis results of the surface—treated groups
Group/Element Ti (wt%) Ca (wt%) P (wt%) Ca/P Ratio (at%)
NT 56.73 -
NTCP 7.21 31.73 14.27 1.72
NTCPI 8.02 30.77 14.02 1.70

NT NTCP NTCPI

x2,000 Magnification

20 pm

x50,000 Magnification

Figure 3. HR FE-SEM images of the NT (a, d), the NTCP (b, e), and the NTCPI groups (e, f).
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(Figure 4).
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Figure 4. XRD patterns of the surface-treated

groups. Meaning of symbols: %: Hydroxyapatite, O:
Octacalcium phosphate, 4: TiO,, [1: Ti
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Ibandronate release (mg/cmzlml)

3. FAAIY EX|

SBFo] 1047 A8 A3 NT (Figure 6a, d),
NTCP (Figure 6b, e) 2 NTCPI 1&(Figure 6¢, f)

oA HA A& A B 7450 Ud 72
2 A&E%la, EDS £4 A3} SBF % Z(Table

2)7} H|wste] Ca2t POl dFo] Z715FAtHTable
3). €3], NTCP&} NTCPI g0/ E7|4H50]
FARNFoR F3o] H Atk T
(Figure 6), Ca/P2] gteFo| 27 715192
&}3tH(Table 3).

Ti, TiO, F=ARF WEEE NT 159 A=
SBFo A3 & HAS} octacalcium phosphate I
=7F #EEIY NTCP 9 NTCPI 2EEA=
SBF & A} v|aate] HA Aol I Z7p7t
= Ak (Figure 7).
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Figure 5. In vitro release of an ibandronate—loaded the
NTCPI group for 10 days.



Table 3. EDS analysis results of the surface—treated groups after immersion in SBF for 10 days

Group/Element Ti (Wt%) Ca (Wt%) P (Wt%) Ca/P ratio (at%)
NT 7.69 44.03 21.58 10.85
NTCP 6.54 13.30 29.36 20.34
NTCPI 0.61 14.45 32.90 22.49
NT

x50.000 Magnification x10,000 Magnification

NTCP NTCPI

Figure 6. HR FE-SEM images of the NT (a, d), the NTCP (b, e), and the NTCPI groups (c, f) after immersion in SBF for

10 days.

NT
NTCP i
NTCPI

Intensity

L[
£ ¢t L
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Figure 7. XRD patterns of the surface-treated
groups after immersion in SBF for 10 days. Meaning
of symbols: % Hydroxyapatite, O: Octacalcium
phosphate, @: TiO,, (1: Ti
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