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In vitro biocompatibility of orthodontic brackets coated with TiO, N, thin film

FAN Ling-ying, ZHENG Cheng-dong, LIN Bing-peng, CAO Lin, CAO Bao-cheng”
Department of Orthodontics, School of Stomatology, Lanzhou University, Lanzhou 730000, Gansu, China

[Abstract] Objective To evaluate the biocompatibility of orthodontic brackets coated with TiO, N, film, and to explore
the effects of nitrogen-content and thickness of the film on the film biocompatibility. Methods We successfully prepared the
TiO 2N, film brackets samples. 1.929 cells were divided into film brackets group and control group. The film brackets group
was further divided into the nitrogen content groups (argon/nitrogen gas flow ratio of 30 : 1, 30 : 1. 5, and 30 ¢ 2) and
thickness groups (sputtering time were 30, 60, and 90 min). 1.929 cells were used to evaluate the biocompatibility of TiO, N,
film of orthodontic brackets by the methods of cell adhesion, MTT assay and the lactate dehydrogenase LDH release assay. The
experimental data were analyzed by SPSS 19. 0 software, and the results were analyzed by one-way ANOVA. Results The
1.929 cells adhered and spread well on the surface of the brackets both in the film brackets group and the control group.
Although the cell proliferation rates of the nitrogen content groups at 24, 48, and 72 h, and of the thickness group at 24 and 72
h were significantly different from that of the control group (P<C0. 05), the relative proliferation rates were higher than 80% in all
the groups. The cell proliferation rate decreased with the increase of nitrogen content, and increased with the increase of film thickness.
According to the LDH assay, LLDH activity increased with the increase of nitrogen content, and decreased with the increase of film
thickness, but there was no significant difference among all the groups (P=>0. 05). Conclusion The cytotoxicity of TiO, N, film is
at grade 0 level, and nitrogen content and film thickness are relevant factors of the biocompatibility of 1.929 cells.
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Fig 1 X-ray diffraction analysis of the TiO,N; thin films

A: According to the argon/nitrogen gas flow ratio. the nitrogen content group was divided into N1(30 : 1), N2(30 ¢ 1. 5), and N3(30 : 2)

groups; B: According to the sputtering time, the thickness group was divided into T1(30 min), T2(60 min), and T3(90 min) groups

N1 N2 N3

2 TiO: N, FHEXFENABBREE G
Fig 2 Scanning electron microscope (SEM)
images of the TiO,..N, thin films
A: According to the argon/nitrogen gas flow ratio, the nitrogen
content group was divided into N1(30 ¢ 1), N2(30 : 1. 5), and N3
(30 : 2) groups; B: According to the sputtering time, the thickness
group was divided into T1(30 min), T2(60 min), and T3(90 min)

groups. Original magnification: X50 000

2.2 mAAAM LA R 1929 YA AEXT YL AE
RO Fe iR 7% 24 h 5 FI e B IR (8] 3) 45 1
SR, BT RREFEE 9 1929 4 My 2 IR 5 =
FIE A At 22 RO 2 285 P R 3% 1T
FEIHA] LI 1) B I3 S, W DA S B 5 HBOCRE 2 11
FrIAT BT =6, R BRI IR S BT

2.3 MTT 536 5% 2m i AR A 3 75 F 45 R 4 45
TR AR R o 2 A (] JEE 3 20 B 5 1% 35 ) ]
FIIER: £ 400 D E¥ EF. ARAE & &4 A
W) JEE 21 1 D B ¥ Lo X BRAAIR (P<<0. 05) , T A 41
A 20 R AFLAT B 5 R A 7 80 %0 L b AR F5 20 it 7k 40
SRR I L TR S S 0 B, AR
R gl Bl R 1 3 in JHL 40 A X 3 A R
B RE Gt o a5 R R, 24 (48 F1 72 h 4%
RO AR A Z 0] 22 R A G F B X (P<
0.05);24 h i} 3 NMRATEAZ MERI LG I¥E
X(P>0.05),48 h B} 3 A& B4 Z 02 7B 17
TS24 X (P<<0. 05),72 h Bf& N1 f1 N2 412
)22 SIS 8 X (P>>0. 05) DL 4h, N1, N3 25 Fi
N2 N3 dH Z i) 22 7 B fFFE Ge it 2% 5 L (P<<0. 05),
AN (v b M P2 2 e o oo el V2 g 388 248 P A
X HEFE R B NN 45 5 R 24 h T 415 2 [A]
LTG5 X (P>0.05),48 h 1 72 h i} 3
MR 5 X A ZH 2= F A EG I FE X
(P<<0.05)348 h i} 3 MR EEH Z 8] 25 H ¥ K51t
RN T2 hifBR T2 M1 T3 HZ MR G4
X(P=0.05) ISP T1.T2 1A T1.7T3 ¢z 6] 2 5+
WETEGE T4 L (P <<0. 05),



e 1210 - B HEE RS 2015 4F 11 H L4 36 3%

3 EM24h ?El?}ﬁ%%ﬂiig 1929 ﬁkf?f’ﬁfﬂiﬂﬁﬁﬁéﬂftﬁﬂéﬁﬂ’ﬁﬁﬁTik I*IR
Fig 3 SEM micrographs of 1.929 cells cultured on the samples for 24 h

A: According to the argon/nitrogen gas flow ratio, the nitrogen content group was divided into N1(30 : 1), N2(30 : 1. 5), and N3(30 : 2)
groups; B:According to the sputtering time, the thickness group was divided into T1(30 min), T2(60 min), and T3(90 min) groups. SS:

Stainless steel brackets

24 48 72 ’ 24 48 72
Culture time t/h Culture time t/h

B4 TEIEFRAEE R & EARE AR
Fig 4 Relative proliferation rates of cells in each group at different culture time points
SS. Stainless steel brackets. A: According to the argon/nitrogen gas flow ratio, the nitrogen content group was divided into N1 (30 : 1),
N2 (30 : 1.5), and N3 (30 ¢ 2) groups; B: According to the sputtering time, the thickness group was divided into T1 (30 min), T2 (60 min) ,
and T3 (90 min) groups. * P<C0. 05 vs SS group; £ P<C0. 05 vs N1 (A) or T1 (B) group; 4 P<C0. 05 vs N2 group. n=10, z=+s
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Fig 5 LDH activity of each group at different culture time points
SS. Stainless steel brackets. A: According to the argon/nitrogen gas flow ratio, the nitrogen content group was divided into N1 (30 : 1),
N2 (30 : 1.5), and N3 (30 : 2) groups; B: According to the sputtering time, the thickness group was divided into T1 (30 min), T2 (60 min).
and T3 (90 min) groups. n=10, x=*s



S5 1101, BEAS B 45, TiO2 Ny WEBATHE A MM E AR A4

+ 1211 -

RIS &

AR BEE K TiO, N H 2R A 4l
K TiO, BRtERIBFRRT [ T80T 28 . B
il s T THO, Gk ok A By T i o —
B RYIK TiO, FORLRESF T K BUA N ™ A RAE
IF 5 2 b R 458 o 5 i it 6 20 A ] 52 0 8 1%) 2 s
Ak RiAE<< 20 nm 1) TiO, J0kE1E FH T 21 48 )5 40 i
FEANMAZAZAIE R 20 i R I T8 1/ A DNA
IR FEVLRT R, 5 408 T, Heinlaan % HF
FEINA s HYK TO, B BEART 20 g/L B Xf K
RIS A AR R TR, 11 Wang 607 #F 5% & 31
TiO, GIRIORIAT B A N Tk 8 200 A7 S8 2 1) 40 i B 1
VEFH AT LA S A000 FRESH IR0 1 77 2RS4, L
SEUST I E A AR N-THO, 1 THO, 7EXG8 197 ik
(photodynamic therapy, PDT) T 4b3# Hel.a ZH it )5 24
Ji 2 $ i 728 Ak, B0 4Rz A R L £ Cmitochondrial
membrane potential, MMP) 4l g Py Ca®* il NO ¥ &,
5 R N-TIO, 2T I TiO, 25 MMP fii 2k,
JfEP Ca™ i NO [ BESSINTE 22, I s B 7 5 o™
YR AR

Gk THO, WORLAFAEA — & W AE Y A2 e TN
K THO, WA YA A PR B ) s B T A ) i 45
AT EA 1l A TIO, IR (e U Rl - 41 it
AR AU B R 2 . Wang 2572 fE4l Ti B R
eI il 25 1 TIO, 49 K 48 I % H i A7 28 B0 A 41 i
(SaOS2 cells) 1 A= Yy AH 22 PEVTA» 25 21 W R T
TiO, K8 AR B 2 & T2l T B8R, JF HAd
FEH 7543 P JE B B K, Dhayal 25250 (& SMF 5 45 S
LWL NI 27209 TiO, WA F] T4 s MC3T3 4t
(R A I 58 AL AT RS B RE . SR, Park
SPITE THO, W MnUFLF 5 43 oA, 700 (48
Z Vg R AR MC3T3-EL B0 h R 2 ATy
FEKP- X ot Ti 2 B S BTG ELSG i A o AR A
Kang Z5 451, 18 CIL(5. 440, 9 % TiO, ifEH
YA PR E IR TR IR, BUILRT AR L 44K TIO,
W A AR A PR G SRAFAEE S

20 M 254X 2 40 M 7 f BRCR ST Rl 22
ARDA I S 20 T P 1) Ei A s 70 40 B R B ) S
BrECBp e 2T, SEM 25 5 R 1929 41 fi 7E XF
MR AT A TiO, N, IR B 2 1 19 25 B AS R

U 240 M fof R 72 43 3% TR A R 2 19 200 i 5 S 5
Wi, Lan %5 580 5 8 Ag-TiO, 44 K45 0 4 W) 2%
SEM B 78 M S T —BUH 45 8 - BB WL R i 12
25 nm 8 Ag-TiO, 4HK A8 3 Th 4H I b b T 47, fft 2
SEFEAY SR PR H R AR A T — v B AN R Y 4
KR FRE, WS RRERML TEZ SIS MY
KAREA 5, T HE 58 1 A0 M AL B, i Park %5020
(BFIE 25 5 5 2 MR TiO, WRE P Mn (945 24 FA%
T YA R B R X T RE S 4 B B A B AR A
—E WA R G

MTT 325545 R R bR AR 417 24 h
B} T A 20 ) 22 () 22 S 38 e Ge 27 L (P=>0. 05) DA
A TEEFCAE AR B 22 (R FE 3 AN s i) o5 B 25 5
WA G 23 L (P<<0. 05), EHEZB A S #
(N1/N2/N3) R (T1/T2/T3) 3 Bl A » A%t
TAEEI 4 B AR 5, TiO, N, 85X 240 i A —
SEMTEMESON . HUORYE 3 MRS 3
JREEHZ M2 S Gt = o R R B A S =
IR 3 % THO, o Ny IS ) A= 0 2 850 AT —
IR R 2B A B U N . Dhayal 487004
VIETC R kR VET DB A TIO, SR T 5
ABEFEARMLE) MTT SZE25 5, 45 51 R Ni $82%61
TiO, R T 4 AR UL A S i 19 A 0 2 SN »
Hop Rk $#7% TiO, A Fe Ni 1y TiO, WoR 7>
80 Y0 [ 4t if 75 P - (HJ2 48 4% Ru #1 Pd 19 TiO, HE
HIB 7R T <50 20 (240 M . B8 Fe Ni J5 34
THANMTE M 48 Ru Pd G FEAE T TiO, #BEAY
YA TG M. Kang 2900 Cl 8 A TiO, # I J5
MTT 4558 878, B C3(NaCl IF ik )54 2 mol/L)
YA 5 ) 40 M F E CREL X 34 5 28I 80200 b
LA 2 531 20 R R X 3 A R A HE 8000 LA B, H KT
DI B2t RS R T TiO, #BEYHZ
PEERMARF, MHBRTE T RN ZEF R T
TiO, AL LA X 3G R 0 25 5. R Hok
B WA RS RGN, Fo A Y2 5 PR A
XA RE S A A R g SR T HOR AR R
(TG VAR G Z2 OG . Tl A v B B 1 4 o
A E PR B N 5 Xiang S50 ISR A R —
B, AR A A A T 1.2.3.4-)2 TiO, i,
B TiO, WM Em B, A5 W)~ 22 5 s i B
L Ho AR P EGR Y 420K TIO, HE;



« 1212 -

PR 2015 4F 11 H L3 36 &

SIS R Zhu %5 @ A s A
el BE E TIO, W2 M 502 A BAE
WF5E R, 1929 A A A SRR B IR 2 B9 2
BiF RLAT  HETE R B K IR Y SE IR A R R IR A
A RUFHAEY A AR X AT RE 2 B T 8U% S b
JRJR 4 T B RHFE AR Y AT 1R 42 R B 1 R R A
[

LDH J2&—Ffr 55 4 i W W AH G 1) o 2 26 1 5 el
F LDH (8505 40 M 0l S8 A 56 R BL e 7
SEANEAR R (B FET- 1 — A AT R AR, A
W58 LDH SE 495 £ B, B & 2 & & & 05 .
TiO, N, HRE 2 4 AL LDH 35 £ 2 i 58, R WIAE
PIARAS PR B R 5 1T BE A 52 BE 3G i TiO, N
TR 20 i LDH 376 4 328 8 A AIK , 2% BH L2 0%
P i R R T A i 3 5 . XS MTT 50 45
RA—3, Gt s R B A & A A=
FEXF TiO, N T8R4 0 2 16 1 1 52 e O F 1A 46
WX, X5 Cimpean %0 % MOCVD $£ R
12 Ti R m i TiO, WAy LDH 5256 45 8 —
0 AFAE S S AL A B 4L A0 40 i 5% 37 i 9 LDH
B BIBAR R A M . B A& A1 2 ]
T2z 5, RW] TiO, Wi EA RAFRLEMAHZ M. B
AP RE A1 5 G T RS B RO PR G

AW S ARG RS A AE A S N 6 SR B R
R T ARB RS & KRR Bk A
TiO, N, #EE, TiO, N, i FEAERE R MY 1.929 40
L85 B R bR A R 5 e 2 T 200 A T 484 5
i’>J>80A;LDH R AR ML TRy 0 SR, B

B B RN R B X O, N, RS 14 A4 1 A
7 @7@ FE R o

[Z& % 3 #k]

[1] de Souza-e-Silva C M, Parisotto T M, Steiner-Oliveira
C, Kamiya R U, Rodrigues I. K, Nobre-dos-Santos
M. Carbon dioxide laser and bonding materials reduce
enamel demineralization around orthodontic brackets
[J]. Lasers Med Sci, 2013, 28:111-118.

[2] Liu Y, Zhang Y, Wang L, Guo Y, Xiao S Q.
Prevalence of Porphyromonas gingivalis four rag locus
genotypes in patients of orthodontic gingivitis and
Periodontitis[ J ]. PLoS One, 2013, 8. ¢61028.

[3] Ngom P I, Benoist H M, Soulier-Peigue D, Niang A.

Reciprocal relationships between orthodontics and

periodontics; relevance of a synergistic action [ J].
Orthod Fr, 2010, 81:41-58.

[4] Panchal A H, Patel V G, Bhavsar N V, Mehta H V.
Orthodontic-periodontic intervention of pathological
migration of maxillary anterior teeth in advanced
periodontal disease[ ] ]. Indian Soc Periodontol, 2013,
17. 378-382.

[5] Lucchese A, Gherlone E. Prevalence of white-spot lesions
before and during orthodontic treatment with fixed
appliances| J]. Eur J Orthod, 2013, 35. 664-668.

[6] Tufekei E, Dixon ] S, Gunsolley J C, Lindauer S J.
Prevalence of white spot lesions during orthodontic
treatment with fixed appliances[]J]. Angle Orthod,
2011, 81: 206-210.

[7] Boersma ] G, van der Veen M H, Lagerweij M D,
Bokhout B. Caries prevalence measured with QLF after
treatment ~ with  fixed orthodontic  appliances:
influencing factors[ J]. Caries Res, 2005, 39; 41-47.

[8] Liu B, Wang Y, Yin S, Sato T. TiO,/TiO,, N,
nanocomposite and its acetaldehyde photodecomposition
ability[ J]. Res Chem Intermediat, 2010, 36: 39-49.

[9] Shul, Ding Y. Cao Y, Fu S M, Cao M, Shi Z
Development of a nano-TiQ, ceramic-coated orthodontic
bracket[ ] ]. J Pract Stomatol, 2005, 21. 252-255.

[10] Shah A G, Shetty P C, Ramachandra C S, Bhat N 'S,
Laxmikanth S M. In vitro assessment of photocatalytic
titanium oxide surface modified stainless steel
orthodontic brackets for antiadherent and antibacterial
properties against Lactobacillus acidophilus[]]. Angle
Orthod, 2011, 81: 1028-1035.

[11] Cao S, LiuB, Fan L Y, Yue Z Q, Dong P Y, Liu B, et
al. Highly antibacterial activity of N-doped TiQ, thin films
coated on stainless steel brackets under visible light
irradiation[ ] ]. Appl Surf Sci, 2014, 309: 119-127.

[12] Cao B C. Wang Y H, Li N, Liu B, Zhang Y J.
Preparation of an orthodontic bracket coated with an
nitrogen-doped TiO,_ N, thin film and examination of
its antimicrobial performance[ J]. Dent Mater J, 2013,
32: 311-316.

(13 Hfie N LA ] [ 5 i A 6 A 3 i Jd o o [
Fhn L8 B 2 ] 4. GB/T 16886, 12-2005/1S0
10993-12:2002 , BT A AE M) 2 PEAN 2R 12 300 - B A
i % 52 IR R S 1. Abat: v EARUE ek . 2005.

[14] Renwick L. C, Brown D, Clouter A, Donaldson K.



S5 1101, BEAS B 45, TiO2 Ny WEBATHE A MM E AR A4

« 1213 -

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Increased inflammation and altered macrophage
chemotactic responses caused by two ultrafine particle
types[J]. Occup Environ Med, 2004, 61.442-447
Rahman Q, Lohani M, Dopp E, Pemsel H, Jonas L,
Weiss D G, et al. Evidence that ultrafine titanium
dioxide induces micmnulei and apoptosis in syrian
hamster embryo fibmblasts [ J ]. Environ Health
Pempect, 2002, 110. 797-800.

Heinlaan M, Ivask A, Blinova I, Dubourguier H C,
Kahru A. Toxicity of nanosized and bulk ZnO, CuO
and TiO, to bacteria Vibrio fischeri and crustaceans
Daphnia magna and Thamnocephalus platyurus[]].
Chemosphere, 2008, 71 1308-1316.

Wang ] J, Sanderson B J, Wang H. Cyto- and
genotoxicity of ultrafine TiO, particles in cultured
human lymphoblastoid cells [J]. Mutat Res, 2007,
628: 99-106.

Li Z, Pan X B, Wang T L., Wang P N, Chen ] Y, Mi
L. Comparison of the killing effects between nitrogen-
doped and pure TiO; on Hel.a cells with visible light
irradiation| J ]. Nanoscale Res Lett, 2013, 8: 96.
Ferrer M L., Yuste L. Rojo F, del Monte F.
Biocompatible sol-gel route for encapsulation of living
bacteria in organically modified silica matrixes [ ] ].
Chem Mater, 2003, 15: 3614-3618.

Vandrovcova M, Hanus J, Drabik M, Kylian O,
Biederman H, Lisa V, et al. Effect of different surface
nanoroughness of titanium dioxide films on the growth
of human osteoblast-like MG63 cells[ J]. J Biomed
Mater Res A, 2012, 100 1016-1032.

Amaravathy P, Rose C, Sathiyanarayanan S,
Rajendran N. Evaluation of in wvitro bioactivity and
MG63  oesteoblast response for TiO,
magnesium alloys[J]. J Sol-Gel Sci Technol, 2012,
64. 694-703.

Wang Y, Wen C, Hodgson P, Li Y C. Biocompatibility

cell coated

of TiO, nanotubes with different topographies [J]. J
Biomed Mater Res A, 2014, 102.743-751.

Dhayal M, Kapoor R, Sistla P G, Kant C, Pandey R
R, Govind, et al. Growth, differentiation, and
migration of osteoblasts on transparent Ni doped TiO,
thin films deposited on borosilicate glass[ J]. ] Biomed
Mater Res A, 2012, 100.1168-1178.

Park ] W, Kim Y J, Jang J H. Surface characteristics

and in vitro biocompatibility of a manganese-containing

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

titanium oxide surface[ J]. Appl Surf Sci, 2011, 258
977-985.
Kang M K, Moon S K, Kim K M, Kim K N.
Antibacterial effect and cytocompatibility of nano-
structured TiO; film containing CI[J]. Dent Mater J,
2011, 30: 790-798.
Cimpean A, Popescu S, Ciofrangeanu C M, Gleizes A
N. Effects of LP-MOCVD prepared TiO, thin films on
the in vitro behavior of gingival fibroblasts[J]. Mater
Chem Phys, 2011, 125. 485-492.
Xiang X L., Yao L. T, Jiang M D, Yuan Y, Tang ] Q,
Ke Y J, et al. The cytocompatibility of nano-TiO; thin
film fabricated by layer-by-layer assembly technique
[J]. Integr Ferroelectrics, 2012, 136. 71-80.
Lan M Y, Liu C P, Huang H H, Lee S W. Both
enhanced biocompatibility and antibacterial activity in
Ag-decorated TiO, nanotubes[J]. PLoS One, 2013, 8:
e75364.
LiZ, Mi L, Wang P N, Chen J Y. Study on the
visible-light-induced photokilling effect of nitrogen-
doped TiO, nanoparticles on cancer cells[ ] ]. Nanoscale
Res Lett, 2011, 6:356.
Dhayal M, Kapoor R, Sistla P G, Pandey R R, Kar S,
Saini K K, et al. Strategies to prepare TiO, thin films,
doped with transition metal ions, that exhibit specific
physicochemical properties to support osteoblast cell
adhesion and proliferation[ ] |. Mater Sci Eng C Mater
Biol Appl, 2014, 37, 99-107.
Zhu L, Ye X, Tang G X, Zhao N M, Gong Y D, Zhao
Y L, et al. Corrosion test, cell behavior test, and in
vivo study of gradient TiO, layers produced by
compound electrochemical oxidation [ J ]. J Biomed
Mater Res A, 2006, 78:515-522.
Nie X, Meletis E 1, Jiang J C, Leyland A, Yerokhin A
L, Matthews A. Abrasive wear/corrosion properties
and TEM analysis of Al;O; coatings fabricated using
plasma electrolysis[ J]. Surf Coat Technol, 2002, 149.
245-251.
Lanone S, Rogerieux F, Geys J, Dupont A, Maillot-
Marechal E, Boczkowski J, et al. Comparative toxicity
of 24 manufactured nanoparticles in human alveolar
epithelial and macrophage cell lines[ J]. Part Fibre
Toxicol, 2009, 6. 14.

[(AXHE] =

=00 K



