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Ortodontik simanlarin antibakteriyel etkileri
Antibacterial effects of orthodontic cements

GIRIS

Ortodontik bantlar genellikle headgear
tipiinin bir parcasi olarak ya da hizl st
cene genisletmesi, lingual arklar gibi sabit
apareylerin kullanimi amaciyla molar dislere
simante  edilir.  Ortodontik  bantlarin
cevresinde ozellikle de servikal marjin
bolgesinde goriilen ve beyaz nokta lezyonlari
olarak da bilinen dekalsifikasyonlar, her
klinisyen icin problem olmanin yani sira zayif
oral hijyene sahip hastalar icin potansiyel bir
risktir. Ortodontik tedavi goren hastalar
tukurik ve plaktaki artmis Streptococcus
mutans seviyeleri ylzinden cirik gelisimi
acisindan daha fazla risk altindadir (1-3). Bu
negatif durum ortodontik tedavi goren
hastalarin %50’sinde goézlemlenir (4). Cogu
zaman Streptococcus mutans diizeylerindeki
artis ile dekalsifikasyon 4 haftalik kisa bir
stirede meydana gelir (5,6).

Flor giinimiize kadar en c¢ok bilinen
antikaryojenik ajandir. Florun antikaryojenik
etkisinde bircok mekanizma rol oynar. Bunlar
icinde; demineralizasyonun inhibisyonu,
remineralizasyonun artirllmasi, plak
olusumunun engellenmesi ve mikrobiyal
artisin  ve metabolizmanin durdurulmasi
sayilabilir (7,8). Florun bakteriyel
metabolizma ve dental plak asiditesini
engelleyebilme mekanizmasi, bakteriyel
kolonizasyonun yani sira glikolitik enzim
enoleazi ve proton salinimi yapan ATPaz’in
inhibisyonunu icerir. Plak olusumuyla ilgili
enzimler olan asit fosfataz, pirofosfataz,
peroksidaz ve katalaz enzimleri flor
iyonlarindan etkilenebilmektedir (9).

Ortodontik bant simantasyonu icin flor
salinimi yapan cam iyonomer simanlarin
gelisimi,  bantlarin  etrafindaki  mine
dekalsifikasyonunu engellemesi nedeniyle
hayli ilgi c¢ekmistir (10-11). Baslangic
reaksiyonundaki ve kimyasal yapisindaki
cesitlilik yiiziinden cam iyonomer simanlar
rezin modifiye CIS (RMCIS) ya da modifiye
kompozitler seklinde siniflandirilmakta ve
ortodontik  bandlarin  simantasyonunda
kullanilmaktadir. ~ RMCIS’lar  asit  baz
reaksiyonu ve 1sikla baslatilan rezinin serbest
radikal polimerizasyonu mekanizmasiyla
dual olarak sertlesirler (12). Poliasit modifiye
kompozit rezinler (PAMKR) ise 1sikla aktive
edilen polimerik matrix icine gomuld kismen
ince cam partikilleri iceren kompozit
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INTRODUCTION

Orthodontic bands are often cemented to
molars as part of a headgear tube or for use
with rapid maxillary expansion, lingual
arches, or other fixed appliances.
Decalcification around bands, especially at
the cervical margins, known as white spot
lesions, is a problem for every clinician and a
potential risk for patients with poor oral
hygiene. Patients undergoing orthodontic
treatment are at a higher risk for developing
caries due to increased levels of
Streptococcus mutans in plaque and saliva
(1-3). This negative treatment sequel has
been observed in 50% of the patients
undergoing orthodontic treatment (4). With
increased levels of Streptococcus mutans
decalcification can occur in as little as 4
weeks (5,6).

Fluoride is the most anticariogenic agent
known to date (6). A variety of mechanisms
are involved in the anticariogenic effects of
fluoride, including the inhibition of
demineralization, the enhancement of
remineralization, the prevention of pellicle
and plaque formation, and the inhibition of
microbial growth and metabolism (7,8). The
mechanisms by which fluoride may interfere
with bacterial metabolism and dental plaque
acidogenicity include the inhibition of the
glycolytic enzyme enolase and the proton-
extruding ATPase as well as bacterial
colonization and  competition.  Acid
phosphatase, pyrophosphatase, peroxidase,
and catalase enzymes, which are the plaque-
associated enzymes, may be affected by
fluoride ions (9).

The development of fluoride-releasing
glass-ionomer cements for orthodontic band
cementation has attracted considerable
interest because they may inhibit the
decalcification of enamel around orthodontic
bands by offering fluoride delivery to the
environment (10-11). Due to variations in
chemical composition and setting reaction,
glass-ionomer ~ cements  have  been
categorized as resin-modified GICs (RMGICs)
or modified composites, and these have been
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materyalleridir  (13). Agiz ortamina flor
salinimiyla remineralizasyon énemlidir, ancak
florun antibakteriyel 6zelligi ciriik olusumunu
engellemede direk olarak etkilidir (14).

Cinko oksit iceren materyaller
antimikrobiyel etkilere sahiptir ve travmatik
yara ve vyaniklarin tedavisinde farmasotik
merhem ya da krem gibi farkli sekillerde
kullanilir. Endodontik sealer ve sabit restoratif
simanlar gibi dental materyaller de yine ayni
nedenlerle kullanihr (15).

Direk kontakt testi (DKT) c¢oziinemeyen
materyallerin antibakteriyal aktivitelerini
degerlendirmek icin Weiss ve ark (16)
tarafindan gelistirilmistir. Bu metot, bakteriyel
treme kinetiginde test bakterisi ve test edilen
materyal arasindaki fiziksel direk kontakt
etkisinin 6lctimiine dayanir. DKT endodontik
sealerlarin, pit ve fisstir ortiiciilerin ve bazi
simanlarin  antibakteriyel  6zelliklerini
belirlemede kullaniimistir (16-19).

Literatiirde  yayinlanan  calismalarin
bircogu farkli simanlarin antibakteriyal
ozelliklerini  incelemektedir (16,18-25).
Ortodonti literatiriinde ise farkli ortodontik
simanlarin antibakteriyel ozellikleri ile ilgili
kapsamli veri mevcut degildir. Bu calismanin
amaci DKT kullanilarak cesitli ortodontik
simanlarin  antibakteriyal  aktivitelerini
degerlendirmek ve karsilastirmaktir.

GERECLER ve YONTEM

Bu calismada kullanilan simanlar Tablo-1
de gosterilmistir.

Streptococcus mutans (Refik Saydam
National Public Health, 676) deney
tasarimina gore oOrneklere uygulanmadan
once, 37 9“C de 48 saat sireyle 0,5 %
basitrasin “brain hearth infusion”(BHI) besi
yerinde dondurulmus kulttrlerden logaritmik
ve erken sabit fazi geciktirmek icin aerobik
olarak uretilmistir.

Direkt Kontakt Test (DKT)

Direkt kontakt testi (14), 96 kuyucuklu
kaltir  kabinda  bakteriyel  biytimenin
turbidometrik olarak belirlenmesine dayanir

(96-well, flat-bottom Nunclon; Nunc,
Kopenhag, Danimarka). Her bir kuyucuktaki
biytime kinetigi 11 kontrollu

spektrofotometre cihazi kullanilarak 650 nm
dalga boyu diizeyinde her 30 dakikada bir

Oztiirk, Yalgin, Arslan, Nalcaci, Aksakalli

used for cementing orthodontic bands.
RMGICs are dual setting: upon mixing the
acid-base reaction occurs and the light-
initiated free-radical polymerization of resin
also  occurs.  (12)  Polyacid-modified
composite resins (PAMCR) are composite
materials consisting of partially silanized ion-
leachable glass embedded in a light-activated
polymeric matrix.(13) Remineralization by
the release of fluoride is important, but the
antibacterial property of fluoride is a direct
strategy to eliminate the cause of dental
caries (14).

On the other hand, zinc oxide-containing
materials have antimicrobial effects and are
used in different ways, including
pharmaceutical creams or ointments for the
treatment of traumatic wounds and burns.
Dental materials such as endodontic sealers
and fixed restoration cements have been
utilized for this same reason (15).

The direct contact test (DCT) was
developed by Weiss et al. (16) to evaluate
antibacterial activity of non-soluble materials.
This method is based on measuring the effect
of physical direct contact between the test
bacteria and tested material on the kinetics of
bacterial growth. The DCT was used to study
the antibacterial properties of endodontic
sealers, pit and fissure sealants, and some
dental cements (16-19).

A number of published studies have
investigated the antibacterial properties of
different cements in literature (16,18-25). No
comprehensive data are available in the
orthodontic  literature  regarding  the
antibacterial property of different orthodontic
cements. The purpose of the present study was
to assess and compare the antibacterial activity

of various orthodontic cements using DCT.

MATERIALS and METHODS

The cements used in this study are shown in
Table 1:

Streptococcus  mutans  (Refik  Saydam
National Public Health, 676, Izmit; Turkey)
was grown aerobically to late logarithmic or

Tiirk Ortodonti Dergisi 2011,24:156-169
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cultures in brain hearth infusion (BHI) broth

early stationary phase from frozen stock
containing 0.5% bacitracin for 48 hours at
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devamli olarak kaydedilir (pquant, Bio-Tek
Instruments Inc., Winooski VT, ABD).
Turkish Journal of Orthodontics 2011,;24:156-169
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Calismamizda her bir kuyucukta, kaltir
kabi dik yonde tutularak yan yizeyler test
materyali ile kaplandi (yani kultir kabinin
ylizeyi yere dik olacak sekilde). Daha sonra
test edilen simanlar 2 gram olacak sekilde
tartildi. Dizglin ytzey alani saglamak icin,
ince bir tabaka siman, diiz sonlanan kiictk
bir siman spatli ile uygulandi. Test 6rnekleri
tretici firmanin onerilerine tamamen uygun
olarak karistirildi, sertlesmeye birakildi veya
istkla sertlestirildi. Kimyasal olarak sertlesen
cam iyonomer siman ornekleri 5 saat sireyle
oda sicakhginda bekletildi. Kuyucuklarin yan
duvarlari boyunca 1sik gecisini engelleyerek
hatali okumalara sebep olacag icin,
materyalin kuyucuklarin altina akmamasi
icin son derece dikkatli davranildi.

10 mL bakteri stispansiyonu her bir 6rnege
yerlestirildi ve dik konumda 37° C’de bir saat
inkiibe edildi. 379 C nemli atmosferde bir
saat slreyle inkibasyon periyodunun
ardindan stispansiyon sivilari  buharlas-
tirilarak, bittn bakteriler ve test materyalinin
yuzeyi arasinda direk kontak saglandi.
Bundan sonra her bir kuyucuga 220 mL BHI
besi yeri eklendi ve spektrofotometreye
yerlestirildi. Bakteri tiremesi 16 saat boyunca
her 30 dakikada bir, 650 nm diizeyinde optik
okuyucu ile otomatik olarak olcilerek
kaydedildi. Test edilen materyal yoklugunda
bakteriyel gelisimi inceleyebilmek icin
benzer asilayici kullanilarak 8 kaplanmamis
kuyucuk pozitif bir kontrol gibi islev gordu.
BHI besi yerinden kaynaklanan mikrobiyal
buytime olmadigini gostermek icin, negatif
kontrol grubu 220 mL BHI besi yeri iceren
kuyucuklardan olusturuldu.

ilave deneyler test materyalleri 1 hafta, 1
ay ve 3 ay vaslandinlarak vyapildi.
Yaslandirma her 48 saatte bir degistirilen 250
pL fosfat tamponlu tuz (PBS) ile saglandi.

istatistiksel Analiz

Her bir kuyucuk icin bakteriyel buytime
egrileri analiz edildi ve lineer regresyonu
y=ax+b denklemi kullanilarak hesaplandi. Bu
denklem, ilgili baytme hiziyla iliskili egim
degerini sagladi. Veriler tek yonli ANOVA
testi ve Tamhane’in T2 coklu karsilastirma
testi ile incelendi. istatistiksel 6nem seviyesi
P<0.05 olarak belirlendi.

BULGULAR

Oztiirk, Yalgin, Arslan, Nalcaci, Aksakalli

37°C before applying it to the specimens
according to the experimental design.

Direct Contact Test (DCT)

The direct contact test (14) is based on the
turbidometric determination of bacterial
growth in 96-well microtiter plates (96-well,
flat-bottom Nunclon; Nunc, Copenhagen,
Denmark). The kinetics of the outgrowth in
each well was recorded continuously at 650
nm every 30 minutes, using a temperature-
controlled spectrophotometer (uquant, Bio-
Tek Instruments Inc., Winooski VT, USA). In
all wells, the sidewall was coated evenly
measured amount of tested material while
the plate was held vertically (i.e., the plate’s
surface was perpendicular to the floor).
Tested cements weight on the assay balance,
2 grams. A thin coat of cement was applied
with a small, flat-ended dental spatula to
ensure a uniform surface area. The test
samples were mixed, and allowed to set, or
they were light polymerized in strict
compliance  with the manufacturer’s
recommendations. The chemically cure glass
ionomer cements specimens were set at room
temperature for 5 hours. Special care was
taken to prevent the material flowing to the
bottom of the well, which would have
interfere with the light path through the
microplate well and result in false readings. A
10pL(106 CFU) bacterial suspension was
placed on each sample and incubated while
the plate remained in a vertical position for
one hour at 37°C. After incubation for 1 hour
in a humid atmosphere at 37°C, evaporation
of the suspension’s liquid was evident and
ensured direct contact between bacteria and
the tested material surfaces. Then, 220 pL of
BHI broth was added to each of the wells and
the plate was placed in a spectrophotometer.
The bacterial growth was estimated after
direct contact with the tested material on the
basis of the changes in the readings of optical
density at 650 nm, which were recorded by
the spectrophotometer every 30 minutes for
16 hours. Eight uncoated wells, using

identical inocula size, served as a positive

Tiirk Ortodonti Dergisi 2011,24:156-169
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Ortodontik simanlarin antibakteriyel etkileri
Antibacterial effects of orthodontic cements

Yeni
simanlarin

hazirlanmis yaslandirilmig
DKT sonuclart Sekil 1-4'de
gosterilmistir. Biyliime egrisinde her nokta
Sekil 1-4’de verilen herhangi bir zamanda 8
optik  yogunlugun
ortalamasidir. Her egri 16 saat icinde alinan
32 olctimi igerir. Hi¢ bir periyotta negatif
kontrol grubunda o6nemli bir mikrobiyal
gelisim gozlenmemistir (P= 0.02; yeni 6rnek,
0.000; 1 hafta,0.002; 1 ay, 0.000; 3 ay).

Yedi grup arasinda vyeni hazirlanan
orneklerde onemli farkhiliklar bulundu
(P=0.000, F=27.576). 3M Multi Cure
(P=0.02), GC Fuji Ortho (P=0.04), Meron
(P=0.001) ve Durelon’'un (P=0.001) yeni
hazirlanmis 6rnekleri antibakteriyal etkinlik
gosterdi. Ketac-Cem ve Ultra Band Lok
uygulanan grupta ise Streptococcus mutans
treme hizinda logaritmik artis gozlemistir
(Sekil 1).

Bir hafta bekletilmis 6rnekler arasinda da
istatistiksel olarak énemli farkliliklar bulundu
(P=0.000, F=16.663). Meron, GC Fuji Ortho,
Ketac-Cem ve Ultra Band Lok uygulanan
gruplarda, pozitif kontrolden bir farklilik
tespit edilememesine ragmen, 3M Multi Cure
(P=0.000) ve Durelon’un (P=0.03) 1 haftalik
yaslandirma sonrasinda bile antibakteriyel
etkisinin devam etmekte oldugu gozlenmistir
(Sekil 2).

Bir ay bekletilmis orneklerle vyapilan
deneylerde, yalnizca Durelon (P=0.001)
antibakteriyel etki  gostermistir.  Diger
materyaller pozitif kontrole benzer olarak
antibakteriyal etkinlik gostermemistir (Sekil
3). 3 ay bekletilmis 6rneklerde ise 3M Multi
Cure (P=0.000), GC Fuji Ortho (P=0.001) ve

ve

kuyucukta  olctlen

0.60000
0.50000 1

0.40000

0.30000 1 -
0.20000
0.10000 |

0.00000

OPTICAL DENSITY (650 NANOMETERS)
1

control (bacteria with medium) so that
bacterial outgrowth could be monitored in
the absence of the tested material. To show
no microbial growth was derived from BHI
broth, the negative control group consisted of
a set of wells containing 220 pL of BHI broth.

Additional experiments were performed
in which the tested materials were aged for 1
week, 1T month and 3 month. Aging was
performed with 250 pL of phosphate-buffered
saline (PBS), which was replaced every 48

hours.

Statistical Analyses

Bacterial growth curves for each well
were analyzed and a regression line on the
ascending linear portion of the curve was
calculated, using the equation y = ax + b. This
equation provided the value of the slope
corresponding to the growth rate. The data were
analyzed by one-way ANOVA, and Tamhane’s
T2 multiple comparison test. The level of
significance was determined as P < 0.05.

RESULTS

The results of the DCT for freshly mixed
and aged cements are shown in Figure 1
through 4. Each point on the growth curve is
the average of the optic density measured in
eight wells at any given time in Figure 1-4.
Each curve includes 32 measurements taken
within 16 hours. There is no microbial

growth were observed in the negative control

=& 3M Multi Cure
=~ Ultra Band Lok
=ir=GC Fuji Ortho Band LC
=+=Meron

Ketac Cem

Durelon

Negative Control

Positive Control

ZAMAN (SAAT)
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Sekil 1. Yeni hazirlanmig

materyal ile direk kontakt

sonrasi bakteriyel iireme.

Figure 1. Bacterial growth

after direct contact with fresh

material.
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Sekil 2. 1 hafta yaslandirilmus
materyal ile direk kontakt

0.9000

sonrasl bakteriyel iireme. 08000

0.7000

Figure 2. Bacterial growth 0.6000:7

after direct contact with 0.5000
1 week aged material. 0.4000
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Durelon (P=0.001) antibakteriyel ozellik
gostermistir (Sekil 4).

TARTISMA

Ortodontik tedavi goren hastalar, tedavide
kullanilan  apareylerden  dolayr  dis
temizliklerini saglamada guclik cekerler.
Ortodontik bantlarin etrafinda, ozellikle de
servikal ~ marjinlerde  gortlen
dekalsifikasyonu, ortodontik tedavi sirasinda
stk karsilagilan  komplikasyonlardandir
(26,27). Artmis plak olusumu ve eslik eden

mine

bakteriyel asit Gretimi mine
demineralizasyonuna neden olabilmektedir
(28). Sabit apareylerle tedavi edilen

hastalarda, Streptococcus mutansin tikiriik
ve plak seviyelerinde belirgin bir artig
gosterdigi belirtilmistir (2). Calismamizda
deney mikroorganizmasi olarak c¢urigin

ZAMAN (SAAT)

group in all periods (P= 0.02; fresh sample,
0.000; 1 week,0.002; 1 month, 0.000; 3
month).

There are significant differences found in
freshly mixed samples between seven groups
(P=0.000, F=27.576). Freshly mixed samples
of 3M Multi Cure (P=0.02), GC Fuji Ortho
(P=0.04), Meron (P=0.001), and Durelon
(P=0.001)
Ketac-Cem, and Ultra Band Lok showed an

showed antibacterial activity.
increase in the logarithmic growth rate of
Streptococcus mutans (Fig. 1).

Significant differences were found in one
week aging specimen (P=0.000, F=16.663).
After aging for one week 3M Multi Cure
(P=0.000), Durelon (P=0.03) still showed
antibacterial activity although the Meron, GC

ZAMAN (SAAT)

birincil  etiyolojik  etkeni ve  criik Fuji Ortho, Ketac-Cem, and Ultra Band Lok
lezyonlarindan  siklikla  izole edilen did not differ from positive control (Fig. 2).
Streptococcus mutans kullanilmistir. In the experiments with 1 month aged
Streptococcus mutans, dis hekimliginde specimens, only Durelon (P=0.001) showed
Sekil 3. 1 ay yaslandirilmus n
O | 140000
materyal ile direk kontakt L
| 12000
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etkilerini test etmede yaygin sekilde
kullaniimaktadir (20-22,29). Streptococcus
bu arastirmada DKT
kullanilarak  degerlendirilmistir. ~ Yapilan
calismalarda, dental materyallerin
antimikrobiyel etkinligi hem agar difizyon

mutans Gremesi,

test (ADT) hem de DKT kullanilarak
incelenmistir  (16-18,25). DKT, dental
materyallerin antibakteriyal etkisini
belirlemede ADT’den daha etkili
bulunmustur (18). Isi kontrolli

spektrofotometre ve uygun yazilim ile DKT,
buyiime egrilerine uygun olarak direk kontakt
inktibasyon periyodu sonunda yasayabilen
bakterilerin sayisinin belirlenmesini saglar.
Geleneksel cam iyonomer simanlar
baslangicta oldukca asidiktir (pH 1,6 — 3,7).
Simanlar tamamen sertlestiklerinde pH’lari
5,4 ve 7,3 arasindadir. Bakteriler tizerinde
olusabilecek olasi yan etkilerden kaginmak
icin simanlarin tam olarak sertlesmesi amaci
ile bakteri stispansiyonu simanlar (zerine
ortalama 5 saat sonra uygulanmistir.
Calismamiz geleneksel CIS
RMCIS (GC Fuji, 3M Multi
polikarboksilat simanin (Durelon) vyeni
karistirllmis  orneklerde  antibakteriyal
ozellikte oldugunu gostermektedir. Dahl (30),
polikarboksilat ve cinkofosfat simanin kisa
donemde antibakteriyel etkisi
calismis ve ADT'de polikarboksilat simanin
in vivo sartlarda Streptococcus mutans’a karsi
en glcli antibakteriyal ozellik gosterdigini
bulmustur. Spencer ve ark (15), cinko oksitin
ortodontik bonding materyaline ilavesiyle
olusan antimikrobiyal
karstlastirmisti. ~ Calismanin

(Meron),
Cure) ve

tizerinde

ozelliklerini
sonuglari
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antibacterial activity. The other materials
showed no antibacterial activity and were
similar to the positive control (Fig. 3). In the 3
months aged specimens, 3M Multi Cure
(P=0.000), GC Fuji Ortho (P=0.001), and
Durelon (P=0.001)
property (Fig. 4).

showed antibacterial

DISCUSSION
Patients difficulty

maintaining adequate oral hygiene with

generally  have
orthodontic appliances. Decalcification of
the enamel surface around orthodontic
bands, especially at the cervical margins, is a
common adverse effect of orthodontic
(26,27).

formation and concomitant bacterial

treatment Increased  biofilm
acid
production results in enamel
demineralization adjacent to orthodontic
attachments (28). There is a significant
increase in the salivary and plaque levels of
Streptococcus mutans in patients undergoing
fixed appliance treatment (2). Streptococcus
mutans, the primary etiologic agent of caries
and a frequent caries-lesion isolate, was used
as the test microorganism. Streptococcus
mutans has been used widely for testing the
antimicrobial activity of restorative materials
(20-22,29).
Streptococcus
evaluated using the DCT in this study. The

antibacterial activity of dental materials has

mutans growth was

been intensively tested using both the agar
diffusion test (ADT) and the DCT (16,18-25).

Sekil 4. 3 ay yaslandirilmis

materyal ile direk kontakt

sonrasi bakteriyel tireme.

Figure 4. Bacterial growth

after direct contact with

3 month aged material.
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bonding materyaline ¢inko oksit ilavesinin,
materyalin antimikrobiyal etkinligini
artirdigini gostermistir. Osinaga ve ark (31),
cam iyonomer simana cinko sulfat ilave
edildiginde, Streptococcus mutans izerinde
olan etkilerini incelemisler ve c¢inko
ilavesinin mikroorganizmalarin buyimesini
azaltugini bulmuslardir. ADT kullanilarak
bazi cam iyonomer simanlarin, dentin
bonding sistemlerin ve luting ajanlarin
antibakteriyel etkinligi arastirilmis; amalgam,
kompozitler, luting ajanlar ve bonding
sistemlerin bakteriyel tGremeyi etkilemedigi,
cam iyonomer simanlarda ise belirgin
antibakteriyel etkinligin oldugu bulunmustur
(32). Da Silva ve ark. (33), in vitro sartlarda 4
cam iyonomer simanin (Fuji IX, Ketac Molar,
Vidrion R, and Vitromolar) antibakteriyel
etkisini incelemistir. Calismanin sonuglari,
tim cam iyonomer simanlarin antibakteriyel
etkinlik gostermesine ragmen, Fuji IX and
Ketac Molar'in en iyi antibakteriyel etkiyi
sahip oldugunu gostermistir. Cam iyonomer
simanlar dis minesine kimyasal adezyon
gostermekte ve flor iyonlari aciga
cikarmaktadir. Florun, materyallerin
antibakteriyel etki gostermesinde en 6nemli
faktor oldugu dustntlmektedir (34). Cinko
oksit iceren materyaller antibakteriyal etkilere
sahiptir (35). Cinko 0,5 ppm’den dustk
konsantrasyonlarda mikroplara toksik etkisi
olan enzimlerin aktivatora gibi is gortr (36).

Kuvvetli ve ark. (37), PAMKR (Ultra
BandLok), RMGIC (Multicure) ve geleneksel
cam iyonomer siman (Meron)'dan aciga
cikan flor duizeylerini karsilagtirmis ve Ultra
Band-Lok’in, Multicure ve Merondan biytk
olcide daha az flor aciga cikardigini
bulmustur. 28 giin gozlem periodu sonunda
RMCIS, PAMKR'den %75 daha fazla birikmis
flor agiga cikarmisti. Calismamizda da
poliasit modifiye simanin Streptococcus
mutans Gzerinde antibakteriyel etkisinin
olmadig gosterilmistir. Distik flor salinimi bu
duruma sebep olabilir.

Lewinstein ve ark. (18), DCT kullanarak
Durelon, Ketac-Cem ve Harvard simanin
antibakteriyel 6zelliklerini degerlendirdikleri
calismalarinda, Ketac-Cem antibakteriyal
ozellik gostermezken, Durelon ve Harvard
simanin antibakteriyel etkinlik gosterdigini
belirtmislerdir. Calismamizda, Lewinstein ve

Oztiirk, Yalgin, Arslan, Nalcaci, Aksakalli

The DCT was found to be more effective in
detecting the antibacterial properties of
dental materials than the ADT (18). With a
temperature-controlled spectrophotometer
and the appropriate software, the DCT allows
the evaluation of the number of viable
bacteria at the end of the direct contact
incubation period in accordance with the
calibration growth curves.

Conventional glass ionomer cements are
very acidic in initial (pH 1.6-3.7). Completely
set cements reveal a pH between 5.4 and 7.3.
To avoid possible side effect on bacteria,
bacterial suspension applied on the GICs
after 5 hours later.

Our study showed that conventional GICs
(Meron), RMGICs (GC Fuji, 3M Multi Cure),
and polycarboxylate cement (Durelon)
showed antibacterial properties in freshly
mixed samples. Dahl (30) studied the short-
acting antibacterial effect of polycarboxylate
cement and zinc phosphate cement and
found that, in the ADT, polycarboxylate
cement exhibited the strongest antibacterial
properties against Streptococcus mutans in
vivo. Spencer et al. (15) compared the
antimicrobial properties of zinc oxide when
incorporated into an orthodontic bonding
material. The results of the study showed that
the incorporation of zinc oxide into bonding
materials increased antimicrobial activity.
Osinaga et al. (31) evaluated the growth
inhibition effects of zinc sulfate added to
glass ionomer cement on Streptococcus
mutans and found that the addition of zinc
decreased microorganism growth. The
antibacterial activity of several glass ionomer
cements, dentin bonding systems, and luting
agents were investigated using the ADT, and
marked antibacterial activity was found with
the glass ionomer cement, while amalgam,
composites, luting agents, and bonding
systems did not affect bacterial growth (32).
Da Silva et al. (33) assessed the in vitro
antibacterial activity of four glass ionomer
cements (Fuji IX, Ketac Molar, Vidrion R, and

Vitromolar). The results of the study showed

Tiirk Ortodonti Dergisi 2011,24:156-169



Firat:ilhan 22.03.2012 16:20 Page 165

Ortodontik simanlarin antibakteriyel etkileri
Antibacterial effects of orthodontic cements

ark. sonuclarina benzer olarak Ketac-Cem
cam iyonomer siman, antibakteriyel etki
gostermemistir. Meron ve Ketac-Cem her ikisi
de geleneksel cam iyonomer siman olmasina
ragmen, Streptococcus mutans (zerinde
farkli etkileri gozlenmistir. Bu farkhlik, test
edilen materyallerin kimyasal yapisindan
ortaya ¢ikmis olabilecegi distintilmektedir.
Geleneksel cam iyonomer simanlar
calismamizin baslangic safhasinda
antibakteriyel ozellik gostermesine ragmen,
bekletilmis  orneklerde benzer aktivite
gozlenmemistir. Bununla birlikte,
calismamizda polikarboksilat ve RMCIS’larin
yaslandirilmis 6rneklerinin hala antibakteriyel
ozellik gosterdigi tespit edilmistir. Dos Santos
ve ark (39), simanlarin maksimum flor
salimmini baslangictan sonraki ilk 24 saat
icinde gerceklestirdigini  gostermislerdir.
Ayrica CIS ve RMGIC'lardan 1, 3, 10 ve 20.
ginlerde tukurige salinan flor miktar
kargilastinldiginda yalnizca ilk giin CIS’dan
daha fazla flor salindigi gosterilmistir (40).
Ortodontik materyallerin antibakteriyel
ozellikleri ortodonti literattirinde yalnizca
bir calismada degerlendirilmistir. Metalon ve
ark. (19) DKT kullanarak, geleneksel cam
iyonomer siman (CX-Plus), rezin ile
gliclendirilmis cam iyonomer siman (GC Fuji
Ortho LC), kompozit rezin (Transbond XT) ve
flor salinimh kompozit rezinin (Transbond
Plus) antibakteriyel ozelliklerini
degerlendirmisti. GC Fuji Ortho LC ve
Transbond Plus polimerizasyondan sonraki
16 saat icinde antibakteriyal o6zellik
gostermistir.  Test edilen materyallerden
hicbiri bekletildikten sonraki 1 ay icerisinde
antibakteriyel 6zelligini strdirememistir.
Flor salinimi yapan materyaller flor
rezervuari gibi rol oynayip plak ve
tukurtkteki flor dizeyini artirnyor olmasina
ragmen, (27,41) zamanla ortodontik
materyallerden  salinan  flor  oranini
karsilastiran  calismalar, ortalama flor
saliniminin zamanla azaldigin
gostermektedir. Calismamizin sonuglari GC
Fuji Ortho ve 3M Multi Cure’'un 1 ay
bekletilen 6rneklerde antibakteriyel o6zellik
gostermemesine ragmen, yaslandirmanin 3.
ayindan sonra tekrar antibakteriyal aktiviteye
sahip oldugunu gostermistir. Mcneill ve ark
(27) ile Cacciafesta ve ark (41), GC Fuji Ortho
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that, although all glass ionomer cements
demonstrated antibacterial activity, Fuji IX
and Ketac Molar showed the best
antibacterial activity. Glass ionomer cements
exhibited chemical adhesion to tooth enamel
and the release of fluoride ions. Fluoride is
considered to be an important factor in the
anti-bacterial property of these materials (34).
Materials containing zinc oxide have
antibacterial effects (35). Zinc serves as an
activator of enzymes that can be toxic to
microbes at concentrations as low as 0.5
ppm (36).

Kuvvetli et al. (37) compared the fluoride
levels released from a PAMCR (Ultra
BandLok), a RMGIC (Multicure), and a
conventional GIC (Meron) and found that
Ultra Band-Lok released significantly less
fluoride than Multicure and Meron. RMGIC
released 75% more accumulated fluoride
than PAMCR over the 28-day observation
period. (38) Poly acid modified cement
showed no antibacterial effects on
Streptococcus mutans in the present study. Its
low fluoride release rate might cause this
situation.

Lewinstein et al. (18) evaluated the
antibacterial properties of Durelon, Ketac-
Cem, and Harvard cement using the DCT.
The authors found that Durelon and Harvard
cement had antibacterial effects, while Ketac-
Cem exhibited no antibacterial properties.
Ketac-Cem glass ionomer cements showed
no antimicrobial effects in our study, similarly
to Lewinstein et al. Although Meron and
Ketac-Cem were conventional GICs, different
effects were observed on Streptococcus
mutans. This difference may arise from
chemical compositions of the tested material.
Although  conventional GICs showed
antibacterial activity in the initial part of the
study, such activity was not observed in the
aging specimens. However, Polycarboxylate
and RMGIC cements showed antibacterial
properties after aging in the present study.
Dos Santos et al. (39) showed that, in the
initial 24 h period, fluoride released from
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ve 3M Multi Cure’den salinan flor oraninin 1
ila 30 gtin arasinda azaldigini, fakat 1 den 3
aya kadar tekrar arttigini gozlemlemistir.

McNeill ve ark. (27) ile Cacciafesta ve ark
(41) zamanla salinan flor oranindaki artigin
difizyonun kinetigi ile aciklanabilecegi
sonucuna varmiglardir.  Baslangic testi
sirasinda, en distaki flor iyonlar ilk olarak
soliisyon icine diflize oldugundan, diskin
merkezinden kenarlarina dogru difiizyon
egilimi vardir. Dilzenli test periyotlari
esnasinda soliisyona salinan flor miktarinin
azalmasiyla, zamanla disk icinde flor
diftizyonu stabil olur. Belli bir sure sonar
solisyonu degisince, daha vyiksek flor
konsantrasyonu yeniden disk cevresinde
gorulebilir. Ve bir sonraki test periyodunda
flor  salinim hizini  artirabilecegini
belirtmislerdir.

SONUCLAR

e 3M Multi Cure, GC Fuji Ortho, Meron ve
Durelon’in yeni hazirlanan o6rnekleri
antibakteriyel etki gostermistir.

e 7. giin sonunda, 3M Multi Cure ve
Durelon antibakteriyel etkinlik
gostermistir.

e 1 ay bekletilmis orneklerle yapilan
deneylerde, yalnizca Durelon
antibakteriyel etkinlik gostermistir.

e 3 ay sureyle bekletildikten sonra, 3M
Multi Cure, GC Fuji Ortho ve Durelon
antibakteriyel etkinlik gostermistir.

Bu c¢alismanin sinirlari i¢inde; RMCIS ve
polikarboksilat siman Streptococcus mu-
tans’lara karsi daha cok antibakteriyel
etkinlik gostermisti. RMCIS ve polikar-
boksilat simanlar ciiriik acsindan yiksek risk
grubundaki ortodonti hastalarina tavsiye
edilmektedir.

TESEKKUR

3M Unitek, 3M ESPE, Reliance, Dentsply,
VOCO ve GC Fuji'ye bu calismada
kullanilan  adezivleri sagladiklari igin
tesekkdir ederiz.

Oztiirk, Yalgin, Arslan, Nalcaci, Aksakalli

ionomer cements was higher than that of the
first hour, indicating that these cements
achieved maximum fluoride release within
24 h after the initial setting. Furthermore, the
amount of fluoride released in saliva on day
1 compared to that of days 3, 10, and 20
within the GICs and RMGICs showed that the
GICs released more fluoride in first day
compared to RMGICs. (40)

The  antibacterial properties  of
orthodontic materials were evaluated by only
one study in the orthodontic literature.
Metalon et al. (19) evaluated the antibacterial
properties of conventional glass ionomer
cement (CX-Plus), resin forced glass ionomer
cement (GC Fuji Ortho LC), composite resin
(Transbond XT), and fluoride-releasing
composite resin (Transbond Plus) using the
DCT. The authors found that GC Fuji Ortho
LC and Transbond Plus showed antibacterial
properties in the 16 hours immediately after
polymerization. The authors showed that
none of the tested materials maintained their
antibacterial property after aging for 1 month.
Though fluoride-releasing materials may act
as a fluoride reservoir and increase the
fluoride level in saliva and plaque, studies
(27,41) comparing the rates of fluoride
release from orthodontic materials over time
have shown that the mean fluoride release
rate declined with time. Although GC Fuji
Ortho and 3M Multi Cure did not show
antibacterial property in 1-month aged
specimens, our results indicated that these
materials showed antibacterial activity after 3
months of aging. McNeill et al. (27) and
Cacciafesta et al. (41) observed that the
fluoride release rate from GC Fuji Ortho and
3M Multi Cure decreased between 1 and 30
days, but it increased again at 1 to 3 months.
McNeill et al. (27) and Cacciafesta et al. (41)
concluded that a possible explanation for this
increase in the rate of fluoride release with
time involves the kinetics of diffusion. Early
during the initial test, there was a diffusion
gradient from the center of the disc sample
toward the edges because the outermost

fluoride ions diffuse into the solution first.
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With time, the fluoride diffusion within the
disc stabilizes, exposing gradually decreasing
amounts of fluoride to solution during regular
testing periods. After a lapse in changing the
solution, a higher concentration of F would
again be present at the periphery of the disc.
The increased concentration would then
increase the rate of fluoride release at the

start of the next test period.

CONCLUSIONS

e Freshly mixed samples of 3M Multi Cure,
GC Fuji Ortho, Meron, and Durelon
showed antibacterial activity.

e At the end of the seven days, 3M Multi
Cure, Durelon showed antibacterial
activity.

e In the experiments with 1 month aged
specimens, only Durelon showed
antibacterial activity.

o After aging for 3 months, 3M Multi Cure,
GC Fuji Ortho, and Durelon showed
antibacterial property.

Within the limitations of the study
RMGICs and polycarboxylate cement
showed more efficiency on Streptococcus
mutans. RMGIC and polycarboxylate
cements are recommended for orthodontic

patients who are at high risk of caries.
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