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TiO? ile Antibakteriyel Braket Kaplama
Antibacterial Bracket Coating with TiO?2

GIRIS

Sabit ortodontik tedavi icin mekanik d-
zeneklerin tasarimi ve uygulanmasindaki zor-
luklarin yani sira, tedavi boyunca agiz icin-
deki sert ve yumusak dokularin saglikli bir se-
kilde korunmasi ayri bir dikkat ve 6zen ge-
rektirmektedir. Tedavi stiresi yillari gerektiren
anomalilerde ise bu faktor ayri bir 6nem ka-
zanmaktadir. Agiz icinde kullanilan braketler
ve ayrica adeziv artiklari, yizeylerinde ve
cevrelerinde normalden daha fazla bakteriyel
plak birikimine neden olmaktadir. Bunun ne-
ticesinde gingival iritasyonlar ve minede “be-
yaz leke” diye adlandirilan demineralizasyon
alanlar olusabilmektedir (1-3). Daha ileri
asamalarda karyojenik kavitasyonlar ortaya
ctkmaktadir (4-6). Bakteriyel plagin etkisini
ortadan kaldirmak tzere literatirde farkli
yontemler tarif edilmistir. Braketli dislerin
kompozit (sealant) ile kaplanmasi (7), poli-
merik-kaplama ve flor, klorheksidin icerikli
verniklerin kullanimi (8), florlu kompozitler
(9), florlu cam iyonomer simanlar (10), ozon
gazi tatbiki (11,12) ve dis hekimliginde yeni
bir cigir acacagr dusinilen MDPB
(methacryloyloxydodecylpyridinium bromi-
de) icerikli antibakteriyel kompozitler (13-17)
bunlardan bazilardir.

Sanayide yizeylerin kir ve bakterilerden
temizlenmesi ve temiz tutulmasi icin giinu-
muzde (g farkli uygulamanin adi gegmekte-
dir. Bunlar; “easy clean”, “lotus effect” ve
“photocatalytic effect” tir. ilk iki yontem, yii-
zey enerjisini kullanarak, kohezyon ve adez-
yon kuvvetleri arasindaki iliski sayesinde kati
zeminlerin ylzeylerinin kendi kendini temiz-
lemesine yonelik iken, fotokatalitik etki ayni
zamanda kimyasal reaksiyonlar ile bir ortam-
da veya bir yuizey tizerinde, bakteriler dahil,
organik yapilari degisime ugratarak onlardan
arinma saglayabilmektedir. Fotokataliz’in
esasl, katalitik bir ajanin (katalizor) varhiginda
fotoreaksiyonun hizlandirilmasina dayanir.
Daha ayrintili tanimlanacak olursa, katalizor,
baz veya uyarilmis haldeki substrat ile etkile-
sime girerek ve/veya birincil bir tirtin meyda-
na getirerek fotoreaksiyonu hizlandirmakta-
dir. Katalizor substratin kimyasal transformas-
yonuna katilir ve hizlandirir, ancak, kendisi
her katalitik siklistin sonunda degisime ugra-
madan reaksiyondan ayrilir. Fotokatalitik re-
aksiyonlarda enerji depolanmaz, daha ziya-
de, fotonlar yardimiyla agir cereyan eden bir

Turkish Journal of Orthodontics 2010;23:164-173

INTRODUCTION

Besides the difficulties in planning mecha-
nical concepts and applications for fixed ort-
hodontic treatment, it is essential to maintain
health of intraoral hard and soft tissue during
the period of treatment. This factor remains a
significant problem mainly in anomalies for
which the treatment time extends for years.
The existence of brackets in the oral cavity
and any exceeded resin flash does predispose
to greater plaque accumulation with the risk
of periodontal disease and demineralization
of the surrounding enamel initially described
as “white spots” (1-3), and during treatment it
is considered to be the main etiological factor
in caries development (4-6). In the literature
various methods were suggested to prevent
harmful effects caused by bacterial plaque
such as applying a light-cured unfilled resin
(sealant) to the labial surface of teeth with pre-
viously placed orthodontic appliances (7), flu-
oride varnishes, chlorhexidine-coating varnis-
hes, polymeric-coatings (8), fluoride added
composites (9), fluoride releasing glass iono-
mer cements (10), ozone gas therapy (11,12)
and MDPB-containing (methacryloyloxydo-
decylpyridinium bromide) antibacterial com-
posites considered to open up a new era in
dentistry (13-17).

Recently, industry benefits from three pro-
cesses to obtain clean and bacteria-free surfa-
ces namely “easy clean”, “lotus effect” and
“photocatalytic effect”. First two methods are
based on the adhesion and cohesion forces of
surface energy to maintain an event of self-
cleaning of solid surfaces. As for photocataly-
tic effect chemical reactions provide purifica-
tion in an environment or on a surface area
through altering the organic structures, also
bacteria. The definition of photocatalysis is
basically the acceleration of a photoreaction
by the presence of a catalyst. A more in depth
approach would include that the catalyst may
accelerate the photoreaction by interaction
with the substrate in its ground or excited sta-
te and/or with a primary photoproduct, de-
pending upon the mechanism of the photore-
action. Catalysis by definition, implicates a
catalytic entity that participates and accelera-
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reaksiyon hizlandirilmis olur. Bu nedenle fo-
toreaksiyonu baslatmak icin enerji kaynagi
olarak UV isinlar kullaniimaktadir. Fotokatali-
zorlerin bir¢ok tipi mevcuttur. Bazilari az mik-
tarda substrat ile etkilesirken, bazilari da ayni
anda bircok substrata etki edebilmektedir (18).
Bu calismanin amaci, UV isinlarinin etkisi ile
fotokatalitik oksidasyon (FKO) reaksiyonu goste-
rebilen TiO,'i bir film kaplama seklinde metal
ortodontik braketlerin yiizeyine uygulamaktir.

GERECLER ve YONTEM

Bu pilot calismada 20'si paslanmaz celik
(Forestadent®, Bernhard Forster GmbH, Al-
manya) ve 20'si saf titanyum (Dentarum®, J.P.
Winkelstroeter KG, Almanya) olmak (zere
toplam 40 adet metal braket sol-jel teknigi
(19,20) kullanilarak kaplandi. Kaplama is-
lemleri izmir Yiiksek Teknoloji Enstitiisi,
Malzeme Arastirma Merkezi Laboratuvarla-
r'nda gerceklestirildi. ilk 6nce, sol-jel tekni-
gi ile dip-coating isleminde deneysel amacla
kullanilacak olan iki farkli TiO, ¢ozeltisi ha-
zirlandi. Bu ¢ozeltiler kaplama yonteminde
ayri ayri kullanilarak, her bir braket cinsin-
den 10 adedi ilk ¢ozelti ile, kalan 10 adedi
ikinci ¢ozelti ile kaplandi. Daldirma hizinin
kaplama tizerine etkisini test etmek amaci ile
her bir cozeltide braketlerin 5 tanesi hizl,
kalan 5 tanesi ise yavas olarak daldirma/cek-
me islemine tabi tutuldu. Daha sonra TiO,-
film ile kaplanmis olan braketler SEM altinda
karsilastirildi ve basari oranlari kalitatif ola-
rak degerlendirildi.

Sol-Jel Cozeltilerinin Hazirlanmasi ve
Braketlerin Dip-Coating Yontemi ile
Kaplanmasi

Birinci kaplama ¢ozeltisinin hazirlanisi:

Saf TiO; kaplama elde etmek amaciyla TP
cozeltisi kullanilmistir. 0.05 mol tetraisop-
ropylorthotitanate [Ti(OPri)4], azot atmosferi
altinda 42 g 2-proponol (zerine ilave edile-
rek manyetik karistirici tGzerinde kapali bir
kapta 10 dakika karistirildi. Bu karistirma is-
lemi devam ederken, ayri bir beherde, 42 g
2-proponol tizerine 0.1 mol su ve katalizor
gorevi gorecek olan 2 damla nitrik asit
(HNOs) ilave edilerek, bu ¢ozelti de manye-
tik karistirict tizerinde 10 dakika karistirildi.
Karistirma islemi sonunda, igerisinde Ti(OP-
ri)s bulunan c¢ozeltinin lzerine, su iceren
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tes the chemical transformation of a substrate,
itself remaining unaltered at the end of each
catalytic cycle. In photocatalysis, no energy is
stored; there is merely an acceleration of a
slow event by a photon-assisted process under
ultraviolet light exposition. There are many
types of catalysts, some act on very few subs-
trates while some act on many substrates (18).

The aim of this study is to apply TiO; as a
type of a film-coating to the surface of metal-
lic orthodontic brackets, which should pre-
sent photocatalytic oxidation (PCO) when ex-
posed to UV lights, for providing them anti-
bacterial features.

MATERIALS and METHODS

In this pilot study, 20 stainless steel (Fores-
tadent®, Bernhard Forster GmbH, Germany)
and 20 pure titanium (Dentarum®, J.P. Win-
kelstroeter KG, Germany) brackets were coa-
ted with the sol-gel method (19,20). The coa-
ting process was carried out in the laboratori-
es of the Materials Research Center in lzmir,
Turkey, High Technology Institute. Initially,
two different TiO, solutions were prepared for
the sol-gel method and utilized successively
in the experimental dip-coating process. 10
brackets of each type were coated with the
first solution while the remaining 10 were
coated with the second one. To estimate the
impact of the dipping and removal rate on the
film quality, 5 brackets were drawn fast in
each solution and 5 slowly. Film-coated brac-
kets were then examined by SEM evaluation
and assessed qualitatively for.

Preparation of the Sol-Gel Solutions and
Dip-Coating of Brackets

Preparation of the first dip-coating

solution:

A TP solution was used to achieve a pure
TiO, coating. 0.05 mol of tetraisopropylort-
hotitanate [Ti(OPri)4] was stirred for 10 mi-
nutes in a covered container under nitrogen
atmosphere by adding 42 g 2-proponol.
While stirring was going on, an additional
solution was stirred for 10 minutes by adding
1-2 drops of nitric acid (HNO3) as catalyst
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ikinci ¢ozelti manyetik karistirici tGzerinde
yavas, yavas ilave edildi. Cozelti 30 dakika
kadar karistirildiktan sonra kaplamaya hazir
hale geldi. Ancak, kullanilmadan 6nce bir so-
gutucuda (+4) °C'de 24 saat dinlendirildi.

ikinci kaplama c¢ozeltisinin hazirlanisi:

Bu karisim, % 30’'luk glymo ve % 70'lik
Ti(OPri)4 iceren bir TG ¢ozeltisidir. Cozelti-
nin hazirlanmasinda, kapali bir kap icerisin-
de 1 mol glymo, 4 mol 2-proponol ve 4 mol
deiyonize su ile manyetik karistirici Gizerinde
10 dakika karistinldi. Bu stire sonunda, azot
atmosferi altinda 3 mol Ti(OPri)4 karigmakta
olan ¢ozeltinin tzerine damla, damla ilave
edildi. Ti(OPri)4 ilavesi sirasinda siddetli 1sin-
ma meydana geldi. Bu ¢ozelti oda sicakhgin-
da 2 saat daha araliksiz karistirllmaya devam
edildi. istenilen yogunlukta hazirlanmis olan
¢ozelti kullanilmadan 6nce sogutucuda (+4)
°C’de 24 saat dinlendirildi.

Paslanmaz celik ve titanyum braketlerin

kaplanmasi:

Mekanik retansiyonu arttirmak amaciyla
TiO, ile kaplanma 6ncesi braketlerin yiizey-
leri 6nce 5 saniye sire ile ortalama 3cm’lik
bir mesafeden kumlamaya (aluminyumoksit,
90 pm) maruz birakildi. Braketler hava/su
spreyi ile temizlendikten sonra bir ultrasonik
yikama cihazinda (WV-120 FinnSonic, ultra-
sonik temizleyici, FinnSonic Industrial Clea-
ning Systems, Finlandiya) detayli yikama isle-
minden gegcirildi. Braketlerin yikama islemi
bes ayri asamadan olusmaktadir. 1. asamada
konsantrasyonu %7 olan ve sodyum hidroksit
iceren bazik bir ¢ozelti, 2. asamada deiyoni-

on 42 g 2-proponol and 0.1 mol deionized
water. At last, both of solutions were gradu-
ally mixed together on a magnetic stirring
apparatus for 30 minutes. This solution was
aged in a refrigerator (+4 °C) at least for 24
hours before use.

Preparation of the second dip-coating

solution:

This solution is named as a TG solution
consisting of 30 % glymo and 70 % Ti(OPri)4
and was prepared by stirring 1 mol of glymo,
4 mol of 2-proponol and 4 mol of deionized
water in a covered container for 10 minutes.
Immediately thereafter, 3 mol of Ti(OPri)4 was
added drop by drop to the stirred solution un-
der nitrogen atmosphere. During this proce-
dure intensive warming was observed. The
mixed solution was continuously stirred at ro-
om temperature for a further 2 hours. After
mixing, it was aged in a refrigerator for 24 ho-
urs at (+4) °C.

Dip-coating of stainless steel and titanium

brackets

To enhance the mechanical gripping bet-
ween TiO,-film and the bracket surface all
brackets were first air abraded for 5 seconds
with alluminiumoxide powder (90 pm) from a
distance of approximately 3 cm and sprayed
with an air-water syringe. Then, they were
thoroughly cleaned in an ultrasonic apparatus
(WV-120 FinnSonic, ultrasonic cleaner, Finn-
Sonic Industrial Cleaning Systems, Finland) in
five separate solutions before coating process
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Sekil 1. Birinci TiO;

¢ozeltisinde hizli dip-coating

islemi ile kaplanmus bir

paslanmaz celik braket

ylizeyinin SEM goriintiisii.

Kaplamada gatlamalar ve

ylizeyden pul pul

ayrilmalar mevcut.

Figure 1. SEM micrograph of

a stainless steel bracket

surface coated with the first

TiO; solution at high dipping

rate. Coating exhibits cracks,

splitting and peeling.
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Sekil 2. Birinci TiO;

¢Ozeltisinde ve hizl dip-

coating islemi ile kaplanmis

bir titanium braket yiizeyinin

SEM goriintiisti. Kaplamada

celik brakettekine benzer bir

fiziksel goriiniim mevcut.

Figure 2. SEM micrograph of

a titanium bracket surface

coated with the first TiO,

solution at high dipping rate.

Coating exhibits similar

physical appearance as by

168

steel bracket.
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ze su, 3. asamada konsantrasyonu %3 olan
ve fosforik asit iceren bir ¢cozelti, 4. asamada
tekrar deiyonize su ile yikama ve 5. asamada
ise alkol ile son durulama islemi yapildi. Yi-
kanmis braketlerin kurutma islemi ise maksi-
mum 120 °C’ye ¢ikabilen kurutma cihazin-
da (CRD-90 FinnSonic, sicak hava kurutma
cihazi, FinnSonic Industrial  Cleaning
Systems, Finlandiya) 100 °C’de yapildi. Yika-
ma islemi sonunda braket yiizeyleri aktive
olarak kaplanmaya uygun hale geldi. Braket-
ler kaplama islemini gerceklestirecek olan
dip-coater cihazinin (Chemat Dipmaster 201,
Chemat Technology Inc., Northridge, Kalifor-
niya, ABD) celik kafesli tist bolimiine yerles-
tirildi. Dip-coater'in alt bolimine ise daha
onceden sol-jel tekniginde kullanilan ve TiO;
kaplama elde etmek amaci ile hazirlanmis iki
¢oOzeltiden bir tanesi yerlestirildi. Braketlerin
kaplanmasi, hazirlanan ¢ozeltilere daldirma
yontemi kullanilarak yapildi. Kaplama ciha-
zinin maksimum daldirma/cekme hizi 12
ing/dak ve maksimum kurutma sicakhgi 100
°C’dir. Kaplama islemi yukarida tanimlanan
iki farkli ¢ozelti ve 12 in¢/dak ile 6 ing/dak
olarak iki farkli daldirma/cekme hizinda ger-
ceklestirildi. Cozeltiden ¢ikan 6rnekler oda
sicakliginda kuruduktan sonra, braket kanat-
lari yukariya bakacak sekilde etiive yerlestiri-
lerek 200 °C’de 30 dakika boyunca kurutul-
du. Sicaklik 30 °C’den 200 °C’ye kademeli
olarak artinldi ve ayni hizda tekrar 30 °C’ye
kadar sogutuldu. Bu islemler, braketin tizerin-
deki film kalinhgmi artuirmak amaciyla 3’er
kez tekrarlandi. Son olarak, TiO;'in kristal ya-
pisini degistirecek olan ana reaksiyonu baglat-
mak igin orneklere 1sil islem uygulandi. Bu

o
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started. 1. An alkaline solution of 7 % sodium
hydroxide, 2. deionized water, 3. an acidic
solution of 3 % phosphoric acid, 4. deionized
water and 5. rinsing with alcohol. Cleaned
brackets were dried at 100 °C in an apparatus
(CRD-90 FinnSonic, hot-air circulating dryer,
FinnSonic Industrial Cleaning Systems, Fin-
land) that has a maximum heating capability
of 120 °C. Bracket surfaces were activated af-
ter the cleaning procedure and brackets then
were placed inside a steel cage in the upper
part of a dip-coating apparatus (Chemat Dip-
master 201, Chemat Technology Inc., Nort-
hridge, California, USA), whereas, one of the
previous prepared TiO; coating solutions we-
re placed into the lower part of the apparatus.
Coating was processed by dipping the brac-
kets into the coating solution in two different
speeds in separate sessions, 12 inch/min and
6 inch/min. After being removed from the so-
lution bracket samples were kept to dry at ro-
om temperature with the bracket wings in up-
side position and then dried in a furnace at
200 °C for 30 minutes. Temperature aroused
from 30 °C to 200 °C in a graded mode and
cooling was performed in the same manner
until 30 °C. The above dip-coating steps we-
re repeated 3 times in order to increase the
coating-thickness on the bracket surface. Fi-
nally, to initiate the main reaction causing
changes in the crystal structure of TiO», brac-
ket samples were heat- treated. This time, the
oven temperature was set to reach 500 °C
through increase of 2 °C per minute. Samples

Tiirk Ortodonti Dergisi 2010,23:164-173
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kez firin sicakhigr dakikada 2°C artacak sekil-
de 500 °C’ye ayarlandi. Ornekler bu isida 1
saat boyunca bekletildi ve ayni periyotta so-
gumalan saglandi. Daha sonra TiO,-film ile
kaplanmig olan titanyum ve paslanmaz celik
braket ornekleri SEM (Philips XL 30-SFEG,
Leiden, Hollanda) altinda ayri ayri incelendi.

BULGULAR

Paslanmaz celik ve titanyum braketleri
icin elde edilen ilk bulgular SEM goruntileri
seklinde sunulmustur (Resim 1-6). Birinci
kaplama ¢ozeltisi ile gerceklestirilen kaplama
isleminde her iki ¢ekme hizinda ve her iki
braket tipinde de buyik 6lctide catlamalar ve
ylizeyden ayrilmalar tespit edildi (Resim 1-2).
Ayrica, titanyum braketlerin yiizeyinde bulu-
nan isaret ile ¢ozeltinin reaksiyona girdigi
gozlemlendi (Resim 3). ikinci cozelti ile yapi-
lan kaplama isleminde ise, cekme hizina
bagli olarak catlamalarin buytk 6lctide azal-
digi goraldu. Yer yer topaklanmalar ve mikro
catlaklar bulunsa dahi, kaplamanin devamli-
liginin saglanmis oldugu goruldu (Resim 4-6).
Yavas bir daldirma/cekme hizinda her iki bra-
ket tipinde de bu film-kaplama antimikrobi-
yal deney asamalarina gecilebilecek kadar
basarili bulundu.

TARTISMA

ideal sartlarda agiz ortaminda bir braketin
mine ylizeyine yapistirilmasindan sonra, pa-
tolojik degisimlerin 6nlenmesi icin tedavi bo-

Turkish Journal of Orthodontics 2010;23:164-173

were kept at 500 °C for one hour. They were
then left for cooling at the same period. Scan-
ning electron microscopy (Philips XL 30-
SFEG, Leiden, The Netherlands) was used to
evaluate the TiO;-film-coated brackets.

RESULTS

Earliest results of TiOj-coated titanium
and stainless steel brackets are presented as
SEM micrographs in Figure 1-6. Deep crac-
king and splitting of the coating was observed
in both types of bracket samples coated with
the first solution in both dipping rates (Figure
1-2). Also a reaction with the sign on the tita-
nium bracket surface was inspected (Figure
3). Localized accumulations and micro-
cracks were inspected when the second coa-
ting solution was used related to the dipping
rate (Figure 4-6). But, the coating layer was fo-
und to be continuous. A slow dipping-speed
in combination with the second solution was
considered as successful so as to facilitate the
antimicrobial part of another planned study.

DISCUSSION

When an orthodontic bracket is placed to
the enamel in optimum intraoral conditions
bacterial plaque and vital bacterial adhesion
to the bracket surfaces during the treatment
period should be a minimum to prevent any
pathologic alteration. As an alternative anti-
bacterial application to the ones mentioned in

o

Sekil 3. Kaplanmis bir

titanyum braket ytizeyi ve

TiO; soliisyonu ile braketin

tizerinde bulunan ok isar

arasindaki etkilesme.

Figure 3. SEM image of a

coated titanium bracket

eti

surface. TiO, solution reacted

with the bracket’s

marking sign.
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Sekil 4. ikinci TiO,
¢Ozeltisinde, yavas daldirma
hiz1 uygulanmis bir celik
braket ytlizeyinin SEM
gorlntiisii. Pullanma yok.
Ince catlamalar disinda
kaplama homojen bir yap1

gosteriyor.

Figure 4. SEM image of a steel
bracket surface coated with
the second TiO; solution at

slow dipping rate. No peeling

is observed. Coating is
homogeneous and
successfull, except some

micro-cracks.
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yunca braket yiizeyindeki plak ve canli bak-
teri adezyonunun minimal seviyede olmasi
istenir. Giris boliminde bahsedilen mevcut
antibakteriyel aplikasyonlarin (7-17) yani si-
ra, bu pilot calisma, TiO,-film kaplama ile
agiz icindeki braketlerin ytizeyindeki mikro-
organizmalari etkisiz hale getirebilecek yeni
bir yaklagimin ilk uygulamalarini test etmistir.

Fotokataliz reaksiyonunun biyik bir oksi-
dasyon mekanizmasini harekete gecirdiginin
fark edilmesi tizerine, arastirmacilar bunu ye-
ni yontemler Gzerinde denemelere baslamis-
tir. Guntimtizde FKO-teknolojisi sularinin de-
toksifikasyonunda, endustriyel atik sularin
dekontaminasyonunda ve havanin temizlen-
mesinde kullaniimaktadir. Aragtirmacilar, bir-
¢ok organik kirletici maddenin yikiminda ve
pargalanmasinda, 6rnegin, igme sularinin te-
mizlenmesinde, bakteri ve virtislerin yok
edilmesinde,
uzaklastirilmasinda ve organik maddelerin su
ve karbondioksitin basit bilesenlerine ayristi-
rilmasinda FKO'u etkili bir sekilde kullanmis-
lardir (21,22). TiOz-uygulamalar icin gele-
cek vaat eden kullanim alanlardan bir tanesi
de dis hekimligi olarak gortlmektedir. Agiz
ici muayene aynasi yiizeylerinin dezenfeksi-
yonunda (23), antibakteriyel aktivite gosteren
dental implantlarin (24) ve ortodontik ark tel-
lerinin (25) gelistirilmesinde TiO, yer almaya
baslamistir. Sinterlenmis TiO, kalibindan bra-
ket yapimi tizerinde arastirmalar dahi denen-
mistir (26). Bu calismada ise, paslanmaz ce-
lik ve titanyum braket ytizeyleri TiO,-film ile
kaplanmistir.

metallerin dere sularindan

o
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the introduction (7-17), a new approach was
investigated in this pilot study to get a TiO;-
coating with the intention of destroying or
inactivating microorganisms located on coa-
ted bracket surfaces.

After photocatalysis was realized to be a
great oxidation mechanism, researchers be-
gan testing it on many different processes. To
date, this technology has been used to deto-
xify water, decontaminate industrial wastewa-
ter, and purify air streams. Researchers have
used PCO to breakdown and destroy many
types of organic pollutants. It has been used to
purify drinking water, destroy bacteria and vi-
ruses, remove metals from waste streams, and
breakdown organics into simpler components
of water and CO, (21,22). One of the promi-
sing applications of TiO, is in the dentistry:
examples include the disinfection of dental
mirror surfaces (23), the production of dental
implants with antibacterial activity (24) and
the antibacterial orthodontic archwires (25).
Even a whole bracket was produced from a
sintered TiO,-mold (26). However, in the pre-
sent study, the ability of coating stainless steel
and titanium bracket surfaces with a TiO»-film
was investigated as a pilot study.

In photocatalysis, energy has to be suppli-
ed externally. The easiest source is constituted
in the way of UV lights. TiO, is gaining a high
oxidation potential with free hydroxyl radi-
cals (HOe®) by photoexcitation when exposed
to UV light (below 400 nm) and denatures

Tiirk Ortodonti Dergisi 2010,23:164-173
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Fotokataliz reaksiyonlarinda enerjinin di-
saridan temin edilmesi gerektiginden, en ko-
lay enerji kaynagini UV isinlar tegkil etmekte-
dir. TiO,, UV isinlarina (400 nm’nin altinda)
maruz birakildiginda fotoeksitasyona ugraya-
rak serbest hidroksil radikalleri (HO) ile yiik-
sek oranda oksitleme gticti kazanmaktadir ve
mikroorganizmalari, virisleri ve organik kom-
ponentleri oksitleyerek denatiire edebilmekte-
dir. Bu bilesikler DNA’nin yapisinda ve hiicre
yapisinda tahribata neden olmaktadir (27) Ti-
O'in bu ozelligi, kristal yapisinin farkhlik
gosterdigi tic asamadan birisi olan ve “ana-
taz” denilen fazda ortaya ¢cikmaktadir. Bu ne-
denle kaplanan braket érneklerine antibakte-
riyel 6zellik kazandirmak amaciyla firmlama
sicakhgi 500 °C olarak uygulanmustir.

Kaplanmis braket 6rnekleri SEM altinda in-
celendiginde, tGiniform yapiyi bozan catlama,
kabarma, pullanma ve hatta dokilmelerin
meydana geldiginin tespit edilmesi (zerine
sol-jel ¢ozeltisinin formilasyonu degistiril-
mistir. ikinci olarak hazirlanan cozeltinin
ozelligi ve avantaji, kullanim amacina gore
gerekli seyreltme islemlerinin yapilabilmesi-
dir. Yapilan ardisik kaplamalar sonucunda is-
tenilen kalinlikta bir film tabakasi elde edile-
rek, kabarma, dokiilme ve catlama gibi isten-
meyen etkiler biyik 6lctide azaltilabilmistir.
En iyi sonuglar ikinci ¢ozelti ile ve yavas dal-
dirma/cekme hizinda yapilan denemelerde
elde edilmistir. SEM mikrografilerinde gori-
len mikro catlamalarin metal ve anataz ara-
sindaki genlesme farkindan kaynaklandigini
distinmekteyiz. Kaplamanin kalitesini etkile-
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microorganisms, viruses and organic compo-
nents by oxidizing them. These compounds
destroy the DNA and cell walls (27). All this
feature of TiO; is seen in the “anatase” phase,
one of its three crystal structures. Thus, to at-
tain the anatase-phase of TiO; and to provide
the coated brackets antibacterial attribute, the
heating temperature was set as 500 °C.

When bracket samples were examined
with SEM, deep cracking, splitting, blistering,
moreover flake off of the coating was obser-
ved impairing the uniform structure. Then, the
formulation of the sol-gel coating solution
was modified. The distinctive advantage of
the second solution was the ability of being
diluted. Coating could be performed with this
solution in a desired thickness. Subsequent
dipping of the samples into the second soluti-
on prevented splitting, blistering and flake off
to a great extent. Best results were obtained
with the second solution at a slow dipping
and removal rate. The micro-cracks observed
in SEM micrographs are presumably formed
due to the thermal expansion differences bet-
ween anatase and metals. Other factors affec-
ting coating quality are the type of TiO, solu-
tion, warming/cooling temperature and peri-
od, heating temperature, dipping/removal
speed and thickness of coating layer.

This study was performed as a part of sub-
sequent investigations carried on to achieve
TiO, coated brackets with antibacterial featu-

o

Sekil 5. Mikro ¢atlaklar. Aym
elik braketin daha yakin

goruntiisii.

Figure 5. The same bracket

surface in higher
magnification, showing

micro-cracks.
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Sekil 6. ikinci TiO,
¢ozeltisinde, yavas daldirma
uygulanmusg bir titanyum
braket ytizeyinin SEM
goriintiisii. Kaplama
basarilidir ve titanyumun
ylizey yapisimi
yansitmaktadir. Mikro
catlaklarin yani sira, yer yer

ince topaklanmalar mevcut.

Figure 6. SEM micrograph of
a titanium bracket surface
coated with the second TiO»
solution at slow dipping rate.
TiO2 layer is successful and
reflecting titanium’s surface
structure. Besides fine
accumulations, micro-cracks

are present.
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yen diger faktorler, TiO, c¢ozeltisinin cinsi,
isitma/sogutma sicakhgi, firmlama sicakhg,
daldirma/cekme hizi ve kaplama kalinhigidir
seklinde siralanabilir.

Gerceklestirilen bu ¢alisma, UV altinda an-
tibakteriyel etki gosterebilen TiO,-film kapla-
mali braketler elde etmek amaci ile stirdurilen
aragtirmalarimizin birinci bolimint olustur-
maktadir. ilk deneylerin olumlu sonuglar ver-
mis olmasi, tarafimizdan, bu alanda daha fazla
gelismeler saglanabileceginin gostergesi olarak
degerlendirilmektedir. Antibakteriyel 6zellik
gosteren, tamamen yeni sistemlerin gelistiril-
mesi gelecekte hig stiphesiz ki ortodonti agisin-
dan 6nemli bir rol oynayacaktir. Bu arastirma-
nin ikinci asamasinda, seramik braketlerin de
TiO, ile kaplanmasi ve X-isini Sacilimi Spek-
troskopisi (XRD) analizi ile TiO,'in faz degistir-
me davranisi hakkinda detayli bilgi edinilmesi,
atomik kuvvet mikroskobu (AFM) ile yiizey pui-
rizltlagunin degerlendirilmesi ve UV 1sini uy-
gulamalarinda kaplamanin Streptococcus mu-
tans ve Candida albicans gibi oral patojenlere
karsi antimikrobiyal etkisi ve biyo-uyumlulu-
gunun arastiriimasi planlanmistir.

SONUC

1- Antibakteriyel 6zellik kazandirmak amaci
ile saf titanyum ve paslanmaz celik braket-
lerin TiO,-film kaplama islemi sol-jel ¢o-
zeltisi ve dip-coating yontemi kullanilarak
gerceklestirilmistir. Kaplamalar, mikro cat-
laklarin disinda, fiziksel agidan yeterli bu-
lunmus, kalitatif olarak titanyum ve celik
braketler arasinda bir fark saptanmamustir.

o

res. Preliminary results are encouraging to at-
tain success in this area. In orthodontic as-
pect, the development of completely new
systems with antibacterial features will undo-
ubtedly play a significant role in the future.
Further studies, as to coat ceramic brackets,
analyze the crystal structure of TiO, by x-ray
diffraction (XRD) analysis, detect the surface
roughness of the film by atomic force micros-
copy (AFM), confirm the antibacterial proper-
ties exhibited by TiO,-coated bracket surfaces
under UV illumination against oral pathogens
like Streptococcus mutans and Candida albi-
cans, and also, evaluate the biocompatibility,
are planned.

CONCLUSIONS

1- Pure titanium and stainless steel brackets
were coated with TiO,-film by utilizing a
coating process with sol-gel solutions and
dip-coating method for providing them
antibacterial features. Physical properties
of the film-coating were qualitatively ade-
quate and similar in both titanium and sta-
inless steel brackets with the exception of
some micro-cracks.

2- For a homogeneous and intact coating
without micro-cracks, the TiO; solution
should be applied several times, subsequ-
ently, as a more diluted form in addition,
heating/cooling range should be widened.

Tiirk Ortodonti Dergisi 2010;23:164-173
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Mikro catlaklarin azaltilabilmesi icin TiO-
¢ozeltisi, orneklerin ylizeyine birden fazla
tabaka halinde, ancak, daha seyreltik bi-
¢imde uygulanmali. Ayrica, 1sitma/sogut-
ma periyodu arttirilarak, filmin yapisi daha
homojen ve tiniform bir hale getirilmelidir.
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