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Altin ve Celik Braketlerde Sirtiinme
Friction in Golden and Stainless Steel Brackets

GiRiS

Ortodontik tedavide optimal dis hareketi
elde edebilmek icin strekli ve optimal diizey-
de kuvvet uygulanmasi gerekir (1). Disler bir
ark boyunca hareket ettirildiginde, tel ile bra-
ket arasinda meydana gelen agi ve ortaya ¢i-
kan surtiinme istenilen en iyi kuvvetin elde
edilmesini engeller ve buna bagl olarak dis
hareketinin gecikmesine veya ankraj kayipla-
rina neden olabilir (2). Bu nedenle siirtinme-
nin degerlendirilmesi ortodontide can alici
bir konudur ve genellikle, sabit apareylerin
yapisinda stirttinmeye yol acan sebeplerin or-
tadan kaldirlmasiyla, toplam sirtiinme de-
gerlerinin azaltilmasiyla tedavinin kolaylasa-
cagi ve tedavi suresinin de kisalacagi gibi bir
anlayis hakimdir (3,4). Optimal biyolojik do-
ku cevabi olusturabilmek ve kesiksiz bir dis
hareketi elde edebilmek icin braket/tel/aci
kombinasyonlarinda sirtinmeye neden olan
faktorlerin iyi anlasilmasi gerekir. Temas ha-
lindeki iki cismin birbiri tzerinde harekete
zorlanmasi esnasinda, temas ylizeyine teget
ve bu zorlamaya zit yonli olarak ortaya ¢ikan
direnc kuvvetine “strtiinme kuvveti” adi veri-
lir. Bu kuvvet dis hareketi sirasinda braket ile
telin temas bolgelerinde meydana gelen kuv-
vet ile strtinme katsayisinin carpimina esittir
(5). Klinik acidan tel ile braket arasindaki stir-
ttinme sadece iki materyal arasindaki fiziksel
bir olay degildir; ayni zamanda oklizal kuv-
vetler, periodontal doku, kok sayisi ve yiizey
alani, kemik yogunlugu ve direnci gibi biyo-
lojik yapilarin da katildigi 3 boyutlu multifak-
toriel bir iliskidir. Strtinme kuvveti, tel ve
braket yizeylerinin purizltliginden, braket
genisliginden, slot genisliginden, slot ¢apin-
dan, telin capindan, telin katihigindan, liga-
tirleme tipinden, uygulanan kuvvetin tatbik
noktasindan ve miktarindan, tel ile braket
arasinda olusan acidan ve tikdriagin kaydir-
cr ozelligi gibi bircok faktorlerden etkilen-
mektedir (6-13). Bu nedenle ortaya ¢ikacak
stirtinme kuvvetlerinin 6nceden tahmin edil-
mesi oldukca gictiir. Sliding mekaniklerde
dise uygulanacak kuvvet miktari bilinmesine
karsin, strtinme kuvvetlerinin ortaya konma-
sindaki gticliikten dolayi, dise intikal edecek
net kuvvetin hesaplanmasi zordur. Braket ile
ark teli arasinda olusan surtiinme, uygulanan
kuvvette %50'ye varan kayiplara neden ola-
bilir (14-18). Telin braket veya ligatiir ile te-
mas ettigi her durumda sirtinme de vardir.
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INTRODUCTION

In order to obtain an optimal tooth move-
ment in orthodontic treatment, a continuous
force should be applied in an optimal level (1).
When teeth are moved through an arch, the
angle between wire and bracket and also the
resultant friction hinders the desired approp-
riate force to be acquired and that; it may cau-
se the delay of tooth movement or losses of
anchorage (2). It is therefore evident that the
management of friction is an important consi-
deration in orthodontics. There is, however, an
appreciation that reducing the causes of resis-
tance to sliding of fixed appliance attachments
will shorten chairside treatment time and ort-
hodontic treatment is facilitated if total friction
is minimized (3,4). To form an optimal biolo-
gical tissue response and obtain a continuous
tooth movement, those factors that cause fric-
tion in bracket/wire/angle combinations sho-
uld be well understood. During the course of
forcing two objects that are in contact to mo-
ve upon each other, the resistance force that is
tangent to the contact surface and occurs in an
opposite direction to this compulsion is called
as “frictional force” and this force is equal to
the multiplication of friction coefficient to the
force occurring in the contact points between
bracket and wire during the movement of the
tooth (5). When considered clinically, the fric-
tion between wire and bracket is not only a
physical occurrence between two materials, it
is also a three-dimensional multifactorial rela-
tionship including the biological structures
such as occlusal forces, periodontal tissue,
number and surface area of roots, bone inten-
sity and resistance. Frictional force can be af-
fected by many factors such as surface rough-
ness of wire and bracket surfaces, bracket
width, slot width, slot diameter, wire diameter,
stiffness of wire, type of ligature, the applicati-
on point and quantity of the applied force, the
angle occurring between wire and bracket,
and the sliding characteristic of saliva (6-13).
Therefore, it is quite difficult to pre-estimate
the frictional force that will occur. Although
the quantity of force that would be applied to
the tooth in sliding mechanics is known, the
calculation of the net force that will be inheri-
ted by the tooth is not easy due the complexity
in the determination of frictional forces. Fricti-
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Sekil 1: Braket, ark teli ve
ligatiir arasinda olusan
stirtiinme noktalar1 ( Dr.

Tosun’dan alinmigtir)

Figure 1: Friction points

between bracket, arch and

138

ligature (courtesy of Dr.

Tosun).

Ark boyunca yapilan bir kanin distalizasyonu
esnasinda ornegin, kanin, hem distal yonde
devrilir hem de disto-palatinal yonde rotas-
yon gosterir. Bu esnada, gerek braket ile tel
arasinda, gerekse tel ile ligatiir arasinda stir-
ttinme noktalar ortaya ¢ikar (Resim 1).

Buna benzer olaylar seviyeleme safhasin-
da braketler arasindan gecirilen ark telleri ile
braketler arasinda da degisik diizeylerde go-
rilmektedir. Disler hareket ettikce teller de
braketler icinden kayarak ilerler ve bu arada
bu materyaller arasinda surtiinmeler ortaya
cikar. Telin slotlar icinden kaymasini engelle-
yen sirtinme veya sikisma gibi her tirli en-
gel dis hareketinin gecikmesine veya tama-
men durmasina yol acabilir.

Duiz ark tellerinin kullanildigi acili braket
tekniklerinde tel ile braket arasindaki temas
acisi (telin brakete giris acisi) strtinmeyi dog-
rudan etkileyen bir faktordir ve kayma tipi (sli-
ding) mekaniklerin yaygin olarak kullaniima-
sindan dolayr da 6nemi giderek artmaktadir.
Braket ile tel arasindaki agi arttikca, stirtinme-
nin de artmasi beklenir. Hareket eden parcalar-
daki sirtiinmeyi ve asinmayi azaltmadaki
onemli etkisi bakimindan altin kaplamalar ilgi
cekmektedir (19). Metal ve estetik braketlerin
stirtinme direncleri cok sayidaki arastirmaya
konu olmasina kargin, literatiirde altin slot-in-
sert’ler ile ilgili makale sayisi kisitlidir (20,21)
ve tamami altin kapli braketler ile ilgili yapilmis
bir arastirma yoktur. Bu calismada, ark telleri-
nin altin ile kaplanmig braketlerde olusturduk-
lari stirtinme kuvvetlerinin incelenmesi plan-
lanmustir. Bu amacgla, klinikte en sik uygulanan
yuvarlak ve dikdortgen kesitli tellerin farkh agi-
landirmalarda iki ayri yontem ile kaplanmis al-
tin braketler ve paslanmaz celik braketlerde
meydana getirdikleri strttinme kuvvetleri kuru
ortamda, in vitro olarak belirlenmistir.

GERECLER ve YONTEM

Calismada, ayni Uretici firmaya ait (Ameri-
can Orthodontics, Sheboygan, WI, ABD), slot
capt 0,018 x 0,025 inch olan, torksuz ve an-
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on between bracket and arch wire can cause
up to 50% loss of force (14-18). In all cases
where the wire gets into touch with the brac-
ket and ligature, there is also friction. When,
for example, a canine distalization is done
throughout the arch, the canine tips in distal

direction and also shows a rotation in disto-
palatal direction. During this, friction points
arise both in between wire and bracket and
wire and ligature (Figure 1). In the leveling sta-
ge, a similar case is also seen between bracket
and arch wire in different intensities. As the te-
eth move, wires thus move forward by sliding
through brackets and at that time, frictions oc-
cur between these materials. Any obstacles li-
ke friction or compression that prevents the
wire from sliding through slots may cause to-
oth movement to delay or to stop completely.

In pre-adjusted arch techniques where stra-
ight wires are used, contact angle of wire to
the bracket is a factor that directly affects fric-
tion and has gained importance since the in-
creased use of sliding mechanics. As long as
the angle between bracket and wire increases,
friction is also expected to increase. The effec-
tiveness of gold films in reducing friction and
wear of moving parts are of interest (19). Alt-
hough a great number of studies evaluated the
sliding resistance of metal and esthetic brac-
kets in the literature there are only limited re-
ports concerning golden slot inserts in esthetic
brackets (20,21), but not wholly golden brac-
kets. Therefore, the objective of this study was
to examine the frictional forces generated from
frequently used round and rectangular wires in
combination with two golden brackets and a
stainless steel bracket in four different second-
order angles in vitro and in a dry state.

MATERIALS and METHODS

In this study, the combinations of 0.016
inch and 0.016 x 0.022 inch NiTi and SS arch
wires with two different types of golden and
one stainless steel lower incisor bracket of
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gulasyonsuz, iki ayr tipteki altin ve bir pas-
lanmaz celik alt kesici braketi ile 0,016 inch
ve 0,016 x 0,022 in¢ caplarindaki paslanmaz
celik ve nikel-titanyum alagimli ark tellerinin
kombinasyonlari kullanildi. Braketlerin ve ark
tellerinin 6zellikleri Tablo I'de gosterilmistir.

0.018 x 0.025 inch slot size without torque
and angulation were used. All three types of
brackets were products of the same manufac-
turer (American Orthodontics, Sheboygan,
WI, USA). The brackets which were produced
in two different ways and introduced as “gold”

Braket / Bracket

Uretim Sekli /

Uretici Firma /

Production Process Manufacturer
Paslanmaz gelik Gzeri
24 ayar altin kaplama AO
Forever Gold 24K /| | arat gold plated 390-1010 P
mini master SS-braket
Forever Gold Beyaz altin Uzeri
(altin gérinimli) @rﬁﬁg'ao“lzpﬁga / AO
/ (gold nite g . 390-1010 G
appearance) zirconia plated mini
master SS-braket
. Standart, sinterleme / AO
Mini Master SS Standard, sintered 393-6070

Ark Teli & Capi /

Uretici Firma /

Archwire &

. Manufacturer
Diameter
SS AO
0.016" (853-232)
SS AO
0.016" x 0.022" (853-201)
NITI AO
0.016" (857-506)
NITI AO
0.016" x 0.022" (857-541)

SS: paslanmaz celik; NITI: nickel-titanyum; AO: American Orthodontics.

Braket slotunun dort farkli derecede aci-
landirmasini temin ederek, tel ile braket ara-
sinda olusacak strtinme kuvvetlerinin sap-
tanmasi icin 6zel tasarlanmis elektronik bir
nite ile bir Gniversal test cihazi (Lloyd Instru-
ments LR 5K, Hampshire, ingiltere; loadcell
NLC 500N, Lloyd Instruments PLC, Segens-
worth, Foreham, ingiltere) kullanildi. Deney
dizenegi t¢ bolimden olusturuldu (Resim
2): 1- Hareketli tasiyici tabla (Resim 3), 2-
Braketi tasiyan elektronik acilandirma tnitesi
(Resim 3) ve 3- Ark telini tasiyan ve tniversal
test cihazina bagh hareketli bolim (Resim 4).

Siirttinme deneyleri Ege Universitesi Teks-
til Arastirma ve Uygulama Merkezi laboratu-
varinda, 18 °C oda sicakliginda gerceklestiril-
di. Braketi tasiyan elektronik acilandirma tni-
tesi, cok hassas olarak saga-sola, ileri ve geri-
ye hareket edebilen bir tablanin lzerine
monte edildi. Tel ve braketlerin yiizeyleri de-
ney oncesinde yag ¢ozticl bir soltisyon (Deg-
reaser Cleaner, Philips 390DCS/2, Hollanda)

Turkish Journal of Orthodontics 2010;23:30-40

were compared with stainless steel brackets as
controls in terms of their frictional forces. The
characteristics of brackets and arch wires are
demonstrated in Table I.

In order to detect the frictional forces occur-
ring between wire and bracket by providing fo-
ur different second-order angulations to the
bracket slot, a specifically designed electronic
unit and a universal test device (Lloyd Instru-
ments LR 5K, Hampshire, UK; loadcell NLC
500N, Lloyd Instruments PLC, Segensworth,
Foreham, England) was used. Experimental set-
ting was formed by three parts (Figure 2): 1-
Movable vise tray (Figure 3), 2- Electronic an-
gulation unit; carrying the bracket (Figure 3),
and 3- Movable part; carrying arch wire, fixed
to the universal testing device (Figure 4).

Experiments on friction were performed in
18°C room temperature at Ege University (Iz-
mir, Turkey), the Laboratory of Textile Investi-
gation & Application Center. The electronic

o

Tablo I. Arastirmada
kullanilan braket ve ark

tellerinin 6zellikleri.
Table I. Characteristics of

brackets and arch wires used

in the study.
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Sekil 2: Universal test
cihazina baglanmis deney

diizenegi .

Figure 2: Experimental setting
attached to the universal

testing machine.

Sekil 3: Deney diizeneginin
sematik resmi. Z: Zemin; U:
Universal test cihazimin
tabani; T: Hareketli tasiyic
tabla; T1: Elektronik initeyi
sag ve sola hareket ettiren
ayar butonu; T2: Elektronik
iiniteyi ileri ve geriye hareket
ettiren ayar butonu; E:
Elektronik agilandirma
ilinitesinin govdesi; E1: 360
derece hareketli mil; E2:
Braketi tastyan kisim; E3 ve
E4: Sabitleyici vidalar; E5:
Elektronik puls iireten dijital
birim; E6: LED-monitor.

Figure 3: Schematic
illustration of experimental
setting. Z: Floor; U: Base of

the universal testing machine;
T: Movable carrier tray; T1:
Setup button that moves the
electronic unit to both right
and left; T2: Setup button that
moves the electronic unit
forward and backwards; E:
Body of the electronic angular
unit; E1: 360° movable axis;
E2: The part carrying bracket
(pin); E3 and E4: Fixing
screws; E5: Digital unit
producing electronic pulse;
E6: LED-monitor.
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ile temizlenip kurutuldu. Braketler, acilandir-
ma Unitesinin 360 derece donme kabiliyeti
olan mili tizerinde sabitlendi. Bu milin arka
ucunda elektronik pulslar dreten dijital bir

o

angulation unit with the bracket was assemb-
led on a tray, which could move to right and
left as well as forward and backward very sen-
sitively. The surfaces of wires and brackets we-
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aciolcer yer almaktadir. Braketin 0° konumu
0,018 x 0,025 inclik bir rehber tel ile saglan-
di. Deney asamasinda kuvvet/esneme oranla-
rina bagh olarak meydana gelebilecek farkli-
liklari ortadan kaldirmak ve gerginliklerini
standardize etmek amaciyla, test edilecek or-
todontik ark telleri hareketli bolim tzerinde
once kalibre edilmis bir yay yardimiyla 200
gramlik bir kuvvetle gerildi; daha sonra iki
ucundan siki sekilde vidalarla sabitlendi (Re-
sim 4). Kalibrasyon vyayi uzaklastirildiktan
sonra hareketli bolim universal test cihazina
baglandi. 0° konumundayken (slot ark teline
paralel), braket, hareketli tabla yardimiyla ark
teli slota yerlesecek sekilde yaklastirildi. Da-
ha sonra, teli tastyan bolim yukari ve asagi
dogru hareket ettirilerek ark telinin slot iceri-
sinde serbest hareket etmesi saglandi. Ark te-
linin slot tabanina temas etmemesine 6zen
gosterildi. Braket bu pozisyonda ana mil tize-
rindeki bir vida yardimiyla sabitlendi. A¢ilan-
dirma tnitesinin ana mili’nin dondurilmesiy-
le olusan her aci degeri dijital olarak “puls”
cinsinden 0,7° hassasiyetle LCD-monit6riine
aktarildi. Ayarlanan acinin sabitlenmesi icin
ana mil, hareket etmeyecek sekilde bir vida
yardimiyla kilitlendi. Ortodontik ark telini ta-
styan hareketli boltim universal test cihazi va-
sitastyla T mm/dakikalik bir hiz ile yukari
dogru hareket ettirilerek olusan siirtinme de-
geri (onbinde bir hassasiyet) tiniversal test ci-
hazinin LCD-monitérinde Newton cinsinden
goruntilendi ve kesintisiz olarak Dapmat
(V2.31, 40/0224) yazilimi ile bilgisayara kuv-
vet-mesafe egrisi seklinde grafiklerle kayde-
dildi. Her tel icin saat yoniinde sirasi ile 4
puls (2,8°), 7 puls (4,9°), 13 puls (9,1°) ve 20
puls’luk (14°) acilandirmalar kullanildi. Bu
sistemde sadece braket ile tel temasta oldu-
gundan, ekranda okunan ortalama degerler
sadece bu iki materyal arasindaki sirtiinme
direnci olarak kabul edilerek aynen alinmis-
tir. Calismada, American Orthodontics firma-
sinin iki ayri yontemle tretmis oldugu ve al-
tin adiyla tamtilan braketleri, ayni firmanin
paslanmaz celik versiyonu ile strtinme kuv-
vetleri bakimindan karsilastirildi. Herbir bra-
ket-tel cifti 6nceden tanimlanan aci degerle-
rinde beser defa test edilirken, teller her sefe-
rinde yenilendi ve her deneme 6ncesinde ci-
haz sifirlandi.

Elde edilen siirtiinme kuvvetlerinin ortala-
ma ve standart sapma degerleri SPSS 10.0 ya-
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re cleaned and dried with an oil solvent (Deg-
reaser Cleaner, Philips 390DCS/2, Holland)
before the experiment. Brackets were fixed on
the axle of the angulation unit, which had a
capability to turn 360 degrees. At the back end
of this axle, there existed a digital protractor
producing electronic pulses. The 0° location
of the bracket was provided via a guide wire
with 0.018 x 0.025 inch diameter with the
purpose of eliminating any differences that
might arise depending on the force/deflection
rates during the experimental stage. In order to
standardize the tension and reduce unwanted
twisting and bending, orthodontic arch wires
to be tested were first stretched with a 200
gram force on the movable part by means of a
calibrated spring and then were held under
tension by fixing the related screws from both
sides tightly (Figure 4). The moveable part,
carrying the orthodontic wire was then fixed
on the universal testing device. While the
bracket was in 0° location (the slot was paral-
lel to arch wire), it was approximated with the
help of the movable tray in the way that the
arch wire could settle in the slot. Subsequently,
arch wire was provided to move freely within
the slot by moving the wire carrying part up-
wards and downwards. Attention was paid not
to let arch wire touch onto the slot base. Brac-
kets then were fixed in this position via a
screw on the main axle. Each angle value oc-
curring due to the turn of the main axle of the
angular unit with a 0.7° sensitivity in terms of
digital “pulse” was transferred to a LED-moni-
tor. In order to fix the preset angle, the main
axle was locked via a screw not to move. The
movable part carrying the orthodontic arch
wires was moved upward with a crosshead
speed of T mm/minute via the universal testing
device and then, the resultant frictional values
were displayed on the LCD-monitor of the
universal testing device in Newton with a sen-
sitivity of 1/10.000, followed by the continuo-
us recording by the Dapmat software system
(V2.31, 40/0224) in graphics demonstrating
the force-distance diagram. For each wire, the
angles with 4 pulses (2.8°), 7 pulses (4.9°), 13
pulses (9.1°) and 20 pulses (14°) clockwise
were used respectively. Since merely wires
and brackets were in contact with each other
in this system, the mean values displayed on

o

141



hakan

10/22/10

4:25 PM Page 142

Sekil 4: Universal test
cihazina baglanan ve
ortodontik ark telini tasityan
hareketli bolim (tasarim: Dr.
Hakan Bulut). A: Ana saft; B:
Gerilmis ortodontik ark teli;
C: Kalibrasyon yay1 (bu kistm
deney 6ncesi uzaklastirildi);

D: Sabitleyici vidalar.

Figure 4: Movable part tied
upon the universal testing
machine and carrying the
orthodontic arch wire
(design: Dr. Hakan Bulut). A:
Main shaft; B: Stretched
orthodontic arch wire; C:
Calibration spring (this part
was removed before the
experiment); D: Fixing

SCrews.

Tablo II. Celik braket-tel
ciftlerinde farkli acilarda
Olciilen siirtiinme
kuvvetlerinin ortalama ve

standart sapma degerleri.

Table II. The mean and
standard deviation values of
frictional forces measured for
stainless steel bracket-wire

pairs in different angulations.
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zilhim programi (SPSS Inc., Chicago, IL, ABD)
kullanilarak istatistiksel olarak degerlendiril-
di. Her braket tipi icin farkli agilandirmalarda
telin cinsi ve capinin sirtinme kuvvetleri
tzerindeki etkilerini belirlemek amaciyla fak-
toriyel randomize tasarima gore ANOVA tes-
ti uygulandi. Onem seviyesi tiim uygulama-
larda P<0,05 olarak belirlendi. Daha sonra
agi sabit tutularak model kiciltalda ve bra-
ket-tel etkilesimleri degerlendirildi. Braket-
aci etkilesiminde ise tek yonli varyans alan-

Bulut, Oncag, lsiksal

the screen were accepted as the frictional re-
sistance between only these two materials.
Each bracket-wire couple was tested for five ti-
mes within the preset angle values. The arch
wires were replaced and the device was tur-
ned to “zero” position before each trial.

The mean and standard deviation values of
the obtained frictional forces were evaluated
statistically with the use of SPSS 10.0 software
program (SPSS Inc., Chicago, IL). ANOVA test
with respect to factorial randomized design
was applied to each bracket type to determine
the effects of the type and diameter of the wi-
re on frictional forces in different angulations.
The significance level was predetermined as
p<0.05 in all applications. Subsequently, a mi-
nor model was established by holding the ang-
le constant and bracket-wire interactions were
evaluated. As for the bracket-wire interaction,
the variance homogeneities were controlled
initially by employing a one-way ANOVA.
When homogeneity was detected, F-statistics
and Bonferroni tests were used, whereas
Brown-Forsythe and Dunnett C tests were
used when no homogeneity was concerned.

RESULTS

It was detected that as long as the angle bet-
ween slot and wire increased, the correspon-
ding frictional values also increased for all wi-
res in each three type of brackets. The mean
frictional and standard deviation values obtai-

Braket/ ~Tel/ [l ¢apl/iire Aci(derece)/ — Ortalama/ ¢
Bracket  Wire (inch) Angulation (deg) Mean (N)
o8 12850 0,18
49 1,8796 0,31
NITI 0016 9.1 3,2958 0,40
14 43488 0,32
28 14922 0,09
49 26312 0,29
NITI 0,016 x 0,022 9.1 48446 0,24
Celik / 14 79196 0,37
e 58 15716 0,84
49 3,4656 1,08
SIS 0,016 9.1 6,3460 0,69
14 6,6526 0,68
28 19380 055
49 3,5858 0,94
SS 0,016 x 0,022 9.1 8,5756 0,89
14 10,7424 1,03

SS: paslanmaz celik / stainless steel; NITI: nickel-titanyum; SD: standart sapma / standard deviation

o
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Braket / Tel/ Tel Capi/ Wire Aci (derece) / Ortalama / sD
Bracket Wire Diameter (inch) Angulation (deg) Mean (N)
2.8 2,9040 0,67
49 35114 0,50
NITI 0016 9,1 5,1880 0,97
14 7,8164 0,98
2.8 2,8524 0,62
49 3,4884 0,74
NITI 0,016 x 0,022 0.1 6.3934 0.84
Forever 14 9,2010 0,79
Gold 2.8 43182 0,68
49 55236 0,50
SS 0016 9,1 8,2092 0,67
14 13,9000 1,42
2.8 2,7924 0,98
49 6,0424 1,33
SS 0,016 x 0,022 0.1 9.2932 058
14 13,4880 0,81

SS: paslanmaz celik / stainless steel; NITI: nickel-titanyum; SD: standart sapma / standard

deviation

lizi uygulanarak énce varyans homojenlikleri
kontrol edildi. Homojen oldugu durumlarda
F istatistigi ve Bonferroni testi, homojen ol-
mayan durumlarda ise Brown-Forsythe ve
Dunnett C testleri kullanildi.

BULGULAR

Her g braket tipinde, tim tellerde slot ile
tel arasindaki aci arttikca, strtinme degerle-
rinin de arttig saptandi. Her braket tipi ve tel
ciftinden elde edilen ortalama sirtiinme ve
standart sapma degerleri acilara gore Tablo II,
Il ve IV'de gorilmektedir.

ned from each pair of bracket and wire accor-
ding to their corresponding angles are de-
monstrated on Tables II, Il and IV.

Whilst the main effects of each three factors
namely bracket, wire and angle were found
statistically significant individually (P<0.05),
all dual and triple interactions among factors
(bracket-wire, bracket-angle, wire-angle and
bracket-wire-angle) were also found signifi-
cant (P<0.05). The lowest frictional values we-
re measured for Forever Gold 24K and steel
brackets at the angle of 2.8° in combination

Braket / Tel/ Tel Cap1/ Wire Aci (derece) / Ortalama / )
Bracket Wire Diameter (inch) Angulation (deg) Mean (N)

2.8 1.0567 0.08

4.9 1.3428 0.18

NIT! 0.016 9.1 2.2278 0.28

14 3.3568 0.49

2.8 1.2970 0.19

4.9 2.1868 0.11

Forever NITI 0.016 x 0.022 91 41653 032
Gold 14 8.1334 0.35
24K 2.8 2.4264 0.69
ss 0016 4.9 3.6622 0.50

' 9.1 7.0190 0.80

14 7.2786 0.94

2.8 2.1056 0.22

4.9 3.2044 0.53

SS 0.016 x 0.022 91 67750 058

14 10.3144 1.23

SS: paslanmaz celik / stainless steel; NITI: nickel-titanyum; SD: standart sapma / standard deviation
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Tablo III. Forever Gold

braket-tel giftlerinde farkli
acilarda olgtilen stirtiinme
kuvvetlerinin ortalama ve

standart sapma degerleri.

Table II. The mean and
standard deviation values of
frictional forces measured for
Forever Gold bracket-wire

pairs in different angulations.

Tablo IV. Forever Gold 24K
braket-tel giftlerinde farkl
acilarda olgtilen stirtiinme
kuvvetlerinin ortalama ve

standart sapma degerleri

Table IV. The mean and
standard deviation values of
frictional forces measured for
Forever Gold 24K bracket-
wire pairs in different

angulations.
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Tablo V. Aq1 degerleri sabit

tutuldugunda braketler ve

teller arasindaki etkilesimler

Table V. Interactions between

144

brackets and wires when
angulations were held

constant.

Bulut, Oncag, lsiksal

Braketler arasi Teller Braket-Tel etkilesimi /
Acl (derece) etkilesim / arasi fark / Interactions between
/ Angle (deg) Interactions Interactions between brackets and arch
between brackets arch wires wires
2’8 * * *
49 * * n.s.
9’1 * * *
-14 * * *

*P<0,05; n.s.: anlamli degil / nonsignificant

Braket, tel ve a1 faktorlerinden her tcgi-
niin de ayri, ayri ana etkileri istatistiksel ola-
rak anlamli bulunurken (P<0,05), faktorler
arasi tum ikili ve t¢lu etkilesimler de (braket-
tel, braket-aci, tel-aci, braket-tel-aci) anlamli
bulundu (P<0,05). En distk strtiinme degeri
2,8°lik acilandirmada Forever Gold 24K bra-
ketleri ve gelik braketler icin 0,016 inclik Ni-
Ti'da 6l¢ulirken, Forever Gold braketleri icin
0,016 x 0,022 inclik paslanmaz celik telde
kaydedildi. Toplam sirtinme ortalamalari
arasindaki farklara bakildiginda, Forever
Gold 24K braketleri ve gelik braketler arasin-
da sirtinme degerleri bakimindan anlamli
fark bulunmadigi saptanirken (P>0,05), Fore-
ver Gold 24K braketleri ve Forever Gold bra-
ketleri arasinda (P<0,05), ayrica, Forever Gold
braketleri ve celik braketler (P<0,05) arasinda
anlamh fark oldugu gorildi. Sadece 4,9°de
tim braketler ve teller arasinda stirtiinme de-
gerleri bakimindan bir benzerlik saptandi. Agi
degeri sabit tutularak model kuciltildigiinde,
braketler ve teller arasinda ortaya cikan etkile-
simler Tablo V'te gosterilmistir.

Varyans homojenlikleri kontrol edildigin-
de, celik braketler icin; her dort aci degerinde
de varyansin homojen olmadigi saptandi.
2,8°'nin haricinde (P>0,05) diger t¢ aci de-
gerlerinde teller arasinda surtiinme degerleri
bakimindan anlamli bir fark (P<0,05) bulun-
dugu saptandi. Gold Forever braketleri icin;
her dort agi degerinde de varyansin homojen
oldugu ve tim ac1 degerlerinde teller arasinda
strtinme degerleri bakimindan anlamli bir
fark bulundugu saptandi (P<0,05). Gold Fore-
ver 24K braketleri icin ise; 14°'nin haricinde
diger ¢ a1 degerinde varyansin homojen ol-
dugu ve tim aci degerlerinde teller arasinda
strtiinme degerleri bakimindan anlamli bir
fark bulundugu saptandi (P<0.05).

TARTISMA

Gunumizde, diz tellerin kullanildigr full
ark tekniklerinde telin brakete giris acisi str-

o

with 0.016 inch NiTi, whereas the relevant va-
lue for Forever Gold brackets was recorded for
0.016 x 0.022 inch SS. When the differences
among the total frictional means were evalua-
ted, it was detected that there was no signifi-
cant difference between Forever Gold 24K
brackets and steel brackets with respect to fric-
tional values (P>0.05) while a significant diffe-
rence existed between Forever Gold 24K brac-
kets and Forever Gold brackets (P<0.05) as
well as between Forever Gold brackets and
steel brackets (P<0.05). When a minor model
was used by holding the angle value constant,
the resultant interactions between brackets
and wires occurred as on Table V. Only at the
angle of 4.9° there was a similarity in frictional
behavior among all bracket types and all arch
wire types.

When the variance homogeneities were
controlled, variance for steel brackets was fo-
und as non-homogeneous at all four angle va-
lues. A statistically significant difference was
found among wires with respect to frictional
values at the remaining three angle values
(P<0.05) except for 2.8° (P>0.05). For the Gold
Forever brackets, it was found that variance
was homogeneous at all individual angle valu-
es and there was a significant difference among
wires in all angle values with respect to frictio-
nal values (P<0.05). As for the Gold Forever
24K brackets however, variance was found as
homogeneous at three angle values except for
14°. There was a statistically significant diffe-
rence among wires in all angle values with res-
pect to frictional values (p<0.05).

DISCUSSION

In contemporary full arch techniques whe-
re straight wires are used, the contact angle of
the arch wire to the bracket is a feature that af-
fects friction directly. Particularly while wor-
king with straightwire brackets where angula-

Tirk Ortodonti Dergisi 2010;23:136-150
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tinmeyi dogrudan etkileyen bir faktordir.
Ozellikle, 6nceden acilandiriimis straigthwi-
re braketleri ile calisirken, ark teli slot icine
ilk yerlestirildigi andan itibaren dis hareket
etmeye baslamaktadir. Bu esnada braket ve
tel arasindaki acidan kaynaklanan ytiksek
stirtinme kuvvetleri nedeniyle daha seviyele-
me donemindeyken kolaylikla ankraj kayip-
lar ortaya ¢cikmaktadir. Tel ile braket arasin-
daki strtinmenin belirlenmesine yonelik ca-
lismalarda braket genellikle belli bir agida sa-
bitlenerek ark teli braket slotu icinden cekil-
mektedir. Calismamizda, iki materyal arasin-
daki etkilesim sadece tek bir dizlemde test
edilmistir. Boyle bir sistemin bir kisitlamasi,
biyolojik ortami tam olarak taklit edememesi-
dir. Klinik olarak, agiz icinde tel ile braket
arasinda olusan sikismalar, bir yandan telin
katihigi, diger yandan da dil, dudak ve yanak
kaslarinin basinclari, bruksizm benzeri kotu
aliskanhklar ve ozellikle de cigneme kuvvet-
leri gibi fonksiyonel etkilerle kolaylikla orta-
dan kalkabilmektedir (6). Bu faktorlere, za-
man zaman dis fircasinin teli slot icinde hare-
ket ettirici etkisi de eklenebilir. Buna karsilik,
okliizal catismalar ve yasa bagli olarak artan
kemik ve periodontal doku direnci ve tikriik
icindeki proteinlerin ¢okelmesi ile ortaya ¢i-
kan yapistirici etki, tel ile braket arasindaki
stirtinmenin artmasina neden olabilmektedir
(22). Yapilan calismalar strtiinmeye neden
olan biyolojik degiskenler arasinda tikdri-
gun (15,23-25), yapisan pelikiillerin, koroz-
yonun ve dental plagin bulundugunu goster-
mistir (15). Paslanmaz celik tel kullanildigin-
da tikdragin her zaman kaydirici bir ortam
yaratmadigini (26,27) aksine, telin yiizey ge-
rilimi arttirarak adeziv bir etki ile strtinmeyi
daha da attirabilecegi gosterilmistir (14). Ay-
rica, suni tuktrik ile taze alinmig insan tika-
ragi farkli sonuclar verebilmektedir (28). Bu
nedenle, bu in vitro calismada tikaragin
kaydirnci etkisi dikkate alinmamis, kuru bir
deneysel ortam tercih edilmistir. Klinikte cev-
re doku direnci (retarding force), tel ile braket
arasindaki strtinmeyi etkileyen diger 6nemli
bir faktordir. Bu direng arttikga stirtinmenin
de anlamli diizeyde arttigi cesitli in vitro ca-
lismalarla gosterilmistir (5,15). Braketin tre-
tim teknigine bagli olarak slot kenarlarinda
olusabilen keskin kenarlarin ve capaklarin da
telin slot icindeki hareketi esnasinda tel ytize-
yini adeta kaziyarak sirtiinmenin artmasina
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tions are preset, the tooth starts moving imme-
diately after the first placement of the arch wi-
re into the slot. Thus, anchorage loss readily
occurs even at leveling period because of the
high frictional forces due to the angle between
bracket and arch wire. In studies directed to-
wards the determination of the friction betwe-
en wire and bracket, arch wires are generally
pulled from bracket slot where bracket is fixed
in a specific angle. In our case, the interaction
between the two materials is tested on one di-
mension. A restriction of such a system is that
it cannot imitate the biological environment
exactly. According to Frank and Nikolai, the
factor that is foremost effective on friction in
low angulation values between bracket and
wire is the ligature, whereas, in high
angulations it is the stiffness of the wire (6).
Moreover, the occasional effect of a tooth-
brush in moving the wire within the slot can
be added to these factors. However, occlusive
conflicts, increased bone and periodontal re-
sistance depending on the increase in the age
as well as the adhesive effect resulting from
the precipitation of proteins within the saliva
are all able to cause the friction between wire
and bracket to increase (22). Previous work
has indicated that biological variables causing
friction include the presence of saliva(15,23-
25), acquired pellicles, corrosion, and plaque
(15). Studies have shown that when SS wires
are used, saliva may not act as a lubricant
(26,27). Instead, saliva may increase the fricti-
on and present an adhesive interference, cau-
sed by increased surface tension in the wire
(14). Additionally, artificial saliva produces dif-
ferent results than whole fresh human saliva
(28). Hence, the effect of salivary lubrication
was not studied in the present in vitro investi-
gation. We preferred a dry experimental envi-
ronment. The retarding force is another impor-
tant factor in clinics that affects the friction bet-
ween wire and bracket. It was shown in some
various in vitro studies that as long as this re-
sistance increased, the friction also increased
significantly (5,15). Furthermore, it was also
addressed that the sharp edges and burrs that
may occur at the slot edges depending on the
production technique of the brackets is able to
cause the friction to increase by almost scra-
ping the arch wire surface during the move-

o
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neden olabildigi belirtilmektedir (29). Ligatti-
riin cinsi, materyali ve baglama kuvveti de
strtiinme kuvvetleri tGizerinde 6nemli olciide
etkilidir (6,30). Frank ve Nikolai’e gore, bra-
ket ve tel arasindaki distk aci degerlerinde
stirtinme tzerinde baskin faktor ligatiirken,
yiksek aci degerlerinde telin katihgidir (6).
Bu calismaya, strtiinme ile ilgili etkili faktor-
lerin sadelestirilmesi amaciyla ligatiirleme-
faktoru dahil edilmemistir. Calismada kullani-
lan cihaz, braket ve tel arasindaki acinin, salt
bu iki materyal arasinda ortaya ¢ikan sirttin-
me kuvvetleri tizerindeki etkisini belirlemeye
yoneliktir. Bu nedenle, cekme islemi sirasin-
da tellerin braket tabanina temas etmemesi
saglanarak ilave bir strtinme faktortinin or-
taya ¢cikmasi 6nlenmistir. Braketler sabit, tel-
ler ise hareketlidir ve klinik bakimdan en sik
tercih edilen ark telleri test edilmistir. Test si-
rasinda, ark tellerinin diiz ve gergin bir sekil-
de tutulmasi nedeniyle, telin katihginin str-
tinmeye olan etkisinin en aza indirgendigi
varsayilmistir. Statik strtinmeyi asarak, dina-
mik slrtinmeye gecisi saglamak amaciyla
tellere T mm/dakikika’lik bir cekme hizi ke-
siksiz uygulanmistir. Braket faktortint stan-
dardize etmek amaciyla ise, ayni firmanin
kozmetik amacl veya alerjik btinyelerde kul-
lanim alani bulan altin ve altin gérinimiin-
deki braketler ile ayni tipteki paslanmaz celik
braketler tercih edilmistir.

Ark tellerindeki ytizey piiriizi ve yiizey ka-
tihgr braket ve tel arasindaki stirtinme mikta-
rini belirleyici ek bir faktordir (14,15,31).
Modern ortodonti mekaniklerinde, seviyele-
me amaciyla konvansiyonel looplu celik ark-
lar yerine dusuk yikleme/esneme oranina sa-
hip NiTi veya cok sarimli celik teller kullanil-
maktadir. NiTi teller tizerinde yapilan calis-
malar, bunlarda ytizey purizliliginin fazla
olmasi nedeniyle sirtiinmede bir artisa ne-
den olabileceklerini gostermistir (2,7,13,
15,32). Ancak, acilandirilmis braketlerle ilgili
yeni yapilan arastirmalar NiTi ve SS tellerin
strtinme oranlarinda farklihklar olduguna
isaret etmektedir. Griffiths et al., De Franco et
al. ve Tselepsis et al. SS tellerde daha yiiksek
stirtinme degerleri bildirmektedirler (33-35).
Buna karsin, Loftus et al. NiTi ve SS teller ara-
sinda istatistiksel bir fark olmadigini goster-
mistir (36). 2010 yilinda Guerrero et al.’in
acilandirma kullanarak yaptiklari bir arastir-
mada ise NiTi teller en dustik stirttinme de-
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ment of wire within the slot (29). In addition,
the type of ligature and binding force is also
quite effective on the frictional forces (6,30).
According to Frank and Nikolai, the factor that
is foremost effective on friction in low angula-
tion values between bracket and wire is the li-
gature (6). This study did not include the liga-
ture-factor with the purpose of decreasing the
effective factors on friction. The device used in
this study was employed in order to determine
only the effect of the angle between bracket
and arch wire on the frictional forces arising in
between these two materials. Brackets were fi-
xed while arch wires, mostly preferred in cli-
nics, were movable. An additional frictional
factor was eliminated by keeping the arch wi-
re distant from the slot base during drawing.
Since the wire was held straight and stretched
during the test, it was assumed that the effect
of stiffness of the arch wire on the friction was
minimized. In order to pass from static friction
to dynamic friction, a drawing force with the
rate of T mm/min. was continuously applied to
the wire. To standardize the bracket factor,
products of the same manufacturer were pre-
ferred. The brackets that are gold or have a
“golden appearance” and being used for cos-
metic purposes or in allergic bodies were
compared with stainless steel brackets of the
same type.

The surface roughness and the surface stiff-
ness of arch wires are also among those factors
affecting the friction between bracket and arch
wire (14,15,31). In modern orthodontic mec-
hanics, NiTi or multi-stranded arch wires with
low force/deflection rates are used for leveling
rather than the steel arches with conventional
loops. However, particularly the studies con-
ducted on NiTi wires indicated that these wi-
res cause high frictions due to the abundance
of surface roughness (2,7,13,15,32). More re-
cent studies demonstrate that the frictional be-
havior of NiTi and SS wires with preadjusted
brackets is controversial. Griffiths et al., De
Franco et al. and Tselepsis et al. reported in-
creased frictional values for SS (33-35), where-
as Loftus et al. showed no significant differen-
ce between NiTi and SS (36). In 2010, Guerre-
ro et al. concluded in their study with incorpo-
rated angulations that NiTi wires had the lo-
west mean frictional force values (37). This

Tirk Ortodonti Dergisi 2010;23:136-150
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gerlerine sahiptir (37). Bu calismanin sonug-
lart Guerrero et al. ile uyumluluk gostermek-
tedir. Son yillarda iyon implantasyonu meto-
du kullanilarak tellerin ytizey katiliklari artti-
rildiginda ve purizlilikleri azaltldiginda da-
ha distk strtinme degerlerine kavustuklari
vurgulanmaktadir (38,39). Daha piriizli bir
yuizeye sahip olmalarina karsin, NiTi tellerin
daha dustik stirtiinme degerleri gosterebilme-
sinin sebebi, sertlik ve esneklik gibi 6zellikle-
rinden dolayi braket ile tel arasinda olusan ki-
littenmeyi daha yumusak bir temas saglaya-
rak azaltabilmelerinden kaynaklanmaktadir
(33,34,40). Bu calismada her ti¢ braket tipin-
de de NiTi alagimli ark telleri paslanmaz ce-
lik tellere oranla daha az strtiinme degerleri
gostermistir. Calismamizda ortaya ¢ikan bu
fark, deneysel dtizenin farklihgi, ligattirleme-
nin yapilmamasi, test edilen braket ve teller-
deki materyal ve cap farkhliklari ve ¢ekme
oncesi tellerin sabit bir gerilim altinda tutul-
mus olmasi ile agiklanabilir.

Sliding mekaniklerde kritik temas agisi
Kusy ve Whitley tarafindan tarif edilmistir
(41). Bu arastirmacilar, kritik temas agisini
her bir braket-tel kombinasyonuna 6zgi bir
parametre olarak tanimlamaktadir. Bu calis-
mada strttinme, her t¢ braket tipinde de tim
tellerde aci ile orantili olarak artis gostermis-
tir. 4.9°de surtinme oOzellikleri benzerlik
gosterdiginden, kullanilan braketler icin bu
deger kritik temas acisi olarak degerlendiril-
mistir. Aci arttikca braket ile tel arasindaki si-
kismaya bagli olarak strtiinme kuvvetleri de
artmistir. Braket angulasyonu arttikga strttin-
menin de anlamli bir sekilde arttigina dair el-
de ettigimiz bulgu bircok arastirma ile para-
lellik gostermektedir (2,6,35,42-46). Forever
Gold 24K braketleri bitin tel materyallerin-
de anlamli diizeyde distik surtinme degerle-
ri vermistir. Bunun temel nedeni, bu braketle-
rin 24 ayar altin gibi yumusak bir metal ile
kaplanmis olmasi ve braket ytizeyindeki pii-
riizler ve capaklarin ezilerek daha parlak ha-
le gelmesi ile telin slot icinde ve kanat kenar-
larinda serbestce kaymasina izin vermesi
seklinde yorumlanabilir.

Estetik braketler, ortodonti hastalarindan
gelen yogun talepler tzerine gelistirilmis ol-
malarina ragmen, sirtiinme katsayilarinin
yiiksekliginden dolayi agiz icindeki kullanim-
lar kisith kalmistir. Strttinme direnci ile ilgili
bu problemlerin giderilmesi amaciyla metal
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study agrees with the results of Guerrero et al..
Thus, with the purpose of eliminating this
problem, recently the ion implantation met-
hod is employed to increase the stiffness and
also to decrease the surface roughness (38,39).
Despite the rougher surfaces of NiTi wires,
they can produce lower friction, because of
other properties such as hardness and deflecti-
on of the wire help to create softer contacts
and decrease binding (33,34,40). In this study,
the frictional forces created by NITI arch wires
were also found to be lower than SS wires in
all three bracket types. This dissimilarity may
be explained furthermore with the experimen-
tal design, the non-ligational method, the dif-
ferences in materials and dimensions of brac-
kets and wires and besides, the arch wires
where under stable strain during sliding test in
our study.

The significance of the critical contact ang-
le in sliding mechanics was described by Kusy
and Whitley (41). They determined that the
critical contact angle is a parameter specific to
each arch wire-bracket combination. In this
study, the friction demonstrated an increase
proportional to the used angulations for all
arch wires in all three bracket types. Since fric-
tional behaviors were similar at 4.9°, this was
considered as critical angle for these bracket
types. As long as the angle increased, the fric-
tional forces depending on the compression
between bracket and wire also increased. The
finding that increases in bracket tip signifi-
cantly increased friction agrees with a number
of other studies (2,6,35,42-46). The Forever
Gold 24K brackets gave significantly lower
frictional values in all arch wire combinations.
The basic reason for this may be commented
such as this bracket is plated with a noble and
soft metal like 24-karat fine gold and it lets the
wire freely slide within the slot.

Esthetic brackets were originally introduced
because of increasing demands from ortho-
dontic patients. But, their high coefficient of
friction has limited their use. In an attempt to
improve the problems associated with frictio-
nal resistance, combination brackets were pro-
duced, in which metal slots were inserted (47).
In a comparison of esthetic brackets with gold
and metal inserts in wet state Rajakulendran
and Jones concluded that these brackets have
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(SS) slot-insert tasiyan kombinasyon braketle-
ri tretilmeye baglanmistir (47). Paslanmaz ce-
lik ve altin insert tasiyan estetik braketleri bir-
biri ile karsilastiran 1slak ortamli bir ¢calisma-
da Rajakulendran ve Jones bu iki braket tipi-
nin statik stirtinme direnci bakimindan ben-
zer Ozellikler gosterdigini belirtmislerdir (21).
Ancak, Kusy ve Whitley 18 ayar altin insert
tasiyan estetik braketlerin kuru ortamda pas-
lanmaz celik insertlere oranla ¢ok daha sttin
olduklarini belirterek, aksi bir goris bildir-
mislerdir (20). Paslanmaz celik insert’li bir
braket ve iki farkli tip celik braket ile kargilag-
tinldiginda, altin insert’li braketler, olcilen
tiim ikinci diizen angulasyonlarinda en distik
strttinme degerlerini gostermistir, ligattr ile
baglandiktan sonra dahi. Bu aragtirmacilar 18
ayar altinin bu karakteristik 6zelligini, oksit-
lenmeyen bir ylizeyin varligina baglamiglar-
dir (20). Paslanmaz celik alagimlarda kro-
moksit tabakasi atmosferik nem veya tikirik
ile reaksiyona girer ve ytizey gerilimini degis-
tirerek adeziv bir etki yaratir (22). Bize gore,
oksitlenmeyen bir ytizey karakteristiginin ya-
ninda, 24 ayar altinin esneklik modulu pas-
lanmaz celige gore daha ytiksektir, boylelikle,
ark teli slot icerisinden ve kanat kenarlarin-
dan gecerken braket ytizeyindeki purtzleri ve
capaklari ezerek daha parlak ve kaygan hale
getirir ve kendisi daha serbestce kayar. Altin
ve altin alagimlarinin tribolojik 6zellikleri bir-
biriyle iliskili birden fazla faktore baghdir.
Kaplama yontemi (elektrodepozisyon, vakum
evaporasyon veya sputtering, iyon implantas-
yonu), kaplamanin alt tabakaya adezyonu,
kaplanan filmin kalinhgi (5-20 pm), strtiinen
metalin cinsi, cevre (oksitleyici tabakanin ol-
mamasi), 1s1, altina ilave edilen alagim metal-
leri ve altin ile diger metaller arasindaki
adezyon siirtiinme stresi etkisindeki bir altin
kaplamanin dayaniklihgi ve etkinligi icin dik-
kate alinmasi gereken onemli unsurlardir
(19). Surtinme direncinin azaltilmasinin kli-
nik acidan anlami, dislerin seviyelenmesi icin
gereken surenin kisalmasi ve fazla ankraja
gereksinim olmadan bosluklarin daha hizl
kapatilmasidir. Altinin braket ve ark teli ara-
sindaki strtinmeyi azaltmadaki potansiyel
etkisi bu calismada elde edilen sonuclardan
daha da fazla olabilir. Bu nedenle, yeni aras-
tirmalar ile altin ve altin alagimlarinin Gstiin
tribolojik niteliginden faydalanilarak braket-
lerin morfolojik ozellikleri gelistirilmelidir.

o
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similar static frictional resistance to sliding
(21). Whereas Kusy and Whitley stated contro-
versy, that in the dry state, esthetic brackets
with 18-karat gold slot inserts appear superior
to stainless steel inserts (20). They showed the
lowest resistance to sliding regardless of the
second-order angulations, when compared
with another metal-insert esthetic bracket and
2 stainless steel brackets, even when ligated.
They attributed this characteristic to the pre-
sence of a nonoxidizing surface of 18-karat
gold. In SS alloys the reaction of chromium
oxide layer with atmospheric humidity or sali-
va can modify their surface tension and conse-
quently producing an adhesive effect (22). Ac-
cording to us, additionally to the nonoxidizing
surface characteristic, the modulus of resili-
ence of 24-karat gold is higher so that the wi-
re can slide freely within the slot due to the
reason that surface edges becomes more
shiny since roughness and burrs are crushed.
The tribological properties of gold and gold
alloy coatings depend upon many factors of
which some are interrelated. Method of de-
position (electrodeposition, vacuum evapora-
tion or sputtering, ion plating), adhesion of the
film to the substrate, film thickness (5-20 pm),
sliding metals combination, environment (ab-
sence oxide films), temperature, alloying ad-
ditions to gold and adhesion between gold
and other metals are important considerati-
ons in governing the durability and strength
of a gold film under frictional stress (19). The
clinical advantage of reduced resistance to
sliding should be a reduction in the amount
of time to align the teeth and close spaces
with conservation of the anchorage. Gold
might be capable of better performance in re-
ducing the friction than indicated by the pre-
sent study. Thus, further investigation is nee-
ded to imply and to improve the tribological
properties of gold and gold alloy coatings in
brackets” morphology.

CONCLUSIONS

1- Bracket type, arch wire, and second-order
angulations were effective on frictional for-
ces. In the same bracket type, when the
arch wire diameter is held constant, frictio-
nal force values raised linearly as the angu-
lations increased.
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Altin ve Celik Braketlerde Sirtiinme
Friction in Golden and Stainless Steel Brackets

SONUC 2- NiTi arch wires revealed the lowest mean

1- Braket tipi, ark teli ve acilandirma faktér- frictional force values in contrast to SS
leri stirtiinme kuvvetleri tizerinde etkilidir. arch wires.

Ayni braket tipinde telin capi sabit tutul- 3- The Forever Gold 24K brackets (24-karat
dugunda acilanma arttikca, siirtiinme de- fine gold plated) showed significant lower
geri de dogrusal olarak artmaktadir. values in combination with NiTi arch wires

2- NiTi ark telleri SS tellere gore en diisiik than the other two bracket types in terms of
ortalama stirtiinme degeri gostermektedir. frictional forces.

3- Forever Gold 24K braketleri (24 ayar altin 4- Forever Gold 24K and stainless steel brac-
kaplama) test edilen NiTi tellerle strtiinme kets demonstrated similar characteristics in
kuvvetleri bakimindan diger iki braket ti- total mean frictional resistance while, Fore-
pinden istatistiksel olarak anlamli diizeyde ver Gold brackets which are plated with
daha dustk strtinme degerlerine sahiptir. zirconia having a gold appearance exhibi-

4- Forever Gold 24K braketleri ile paslan- ted difference from the other two bracket
maz celik braketler toplam ortalama stir- types and had the highest frictional force
tinme direnci bakimindan benzer ozellik values for NiTi as well as for SS arch wires
gosterirken, zirkonia ile kapli olan altin in all four angulations.
gorintimindeki Forever Gold braketleri 5- It should be considered that 24 carat fine
sUrtUnrr?e.degerIeri bakimindan dige.r iki gold plated bracket slots in metal brackets
braket tipinden farklilik gdstermektedir ve or slot inserts in esthetic brackets could be
dort farkh acilandirmada da hem NiTi, o . L .
hem de 55 ark tellerinde en yiiksek sir- effective m‘reducm.g frictional forces parti-
tiinme degerlerini sergilemistir. cularly during leveling stages.

5- Metal braketlerde slotlarin 24 ayar altin
ile kaplanmasi veya estetik braketlere 24 ACKNOWLEDGEMENTS. )
ayar altin insert’lerin yerlestirilmesi 6zel- Th? authors expre.ss their gratitude to tbe
likle seviyeleme asamalarinda siirtiinme American Orthodontics Co. and the Chair-
kuvvetlerini snemli 6lciide azaltabilir. manship of the Textile Investigation and Appli-

cation Center at the Ege University and its labo-
TESEKKUR ratory staff for their contributions to our study.
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