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ÖZET

Amaç: Bu çal›flman›n amac›, iki farkl›
tipteki alt›n braketini (Forever Gold 24K
ve Forever Gold) konvansiyonel çelik bir
braket (Mini Master) ile nikel-titanyum
(NiTi) ve paslanmaz çelik (SS) ark teli
kombinasyonlar›nda, dört farkl› ikinci dü-
zen aç›land›rmas›nda, sürtünme dirençle-
ri bak›m›ndan in vitro olarak karfl›laflt›r-
makt›r. Gereçler ve Yöntem: Sürtünmeyi
etkileyen birçok faktör oldu€undan, test-
ler kuru ortamda ve tek düzlem üzerinde,
ligatürleme yap›lmadan, elektronik bir
aç›land›rma unitesi ve üniversal bir test
cihaz› kullan›larak gerçeklefltirildi. Çek-
me h›z› 1 mm/dakika olarak tan›mland›.
Bulgular: ‹statistiksel de€erlendirmelerde
P<0.05 düzeyinde braket, tel ve aç› fak-
törlerinden her üçünün de ana etkileri an-
laml› bulundu. Düzenlenen koflullarda
NiTi teller her üç braket tipinde de SS tel-
lerden daha az sürtünme de€erleri göster-
di. Forever Gold braketleri (zirconia kap-
l›) NiTi ve SS tellerde dört farkl› aç›land›r-
mada da di€er iki braket tipine göre belir-
gin düzeyde daha yüksek sürtünme de-
€erleri gösterdi (P<0.05). ‹kinci düzen aç›-
lar› sabit tutuldu€unda ise, sürtünme kuv-
vetleri bak›m›ndan Gold Forever 24K bra-
ketlerinin, NiTi tellerde daha düflük de-
€erler göstermelerine karfl›n, toplam sür-
tünme de€erleri aç›s›ndan istatistiksel ola-
rak paslanmaz çelik braketleri ile benzer-
lik gösterdikleri tespit edildi (P>0.05). So-
nuç: Metal braket slotlar›n›n 24 ayar alt›n
ile kaplanmas› veya estetik braketlerde al-
t›ndan haz›rlanan slot-insert’lerin kullan›l-
mas› sürtünmeyi, özellikle seviyeleme
aflamalar›nda, etkili bir flekilde azaltabilir.
(Türk Ortodonti Dergisi 2010;23:136-150)
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SUMMARY

Aim: The purpose of this study was to
test in vitro two types of golden brackets
(Forever Gold 24K and Forever Gold)
and one conventional stainless steel
bracket (Mini Master) as control for sli-
ding resistance in combination with nic-
kel-titanium (NiTi) and stainless steel (SS)
arch wires in four second-order angulati-
ons with respect to frictional force values.
Materials and Methods: Since there are
many factors affecting friction, all tests
were performed in a dry environment
without ligaturing using an electronic an-
gulations unit and a universal test device.
Arch wires were pulled through the slots
with a crosshead speed of 1 mm/minute.
Results: Statistical analyses showed that
the primary effects of all three factors that
is namely bracket, wire material and ang-
le were found significant in P<0.05 level.
Under existing conditions the NiTi wires
produced lower friction than those of SS
in all three bracket types. Forever Gold
brackets (zirconia plated) showed remar-
kable higher frictional values with NiTi
and SS arch wires than the other two
bracket types in all four tested angulati-
ons (P<0.05). When the four second-or-
der angles was kept constant, although
Gold Forever 24K brackets demonstrated
lower values with NiTi wires compared
with stainless steel brackets there was no
statistical significant difference for these
two bracket types in terms of their overall
frictional resistance (P>0.05). Conclusi-
on: It should be considered that 24 carat
fine gold plated slots in metal brackets or
golden slot inserts in esthetic brackets co-
uld be effective in reducing frictional for-
ces particularly during leveling stages.
(Turkish J Orthod 2010;23:136-150)
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G‹R‹fi
Ortodontik tedavide optimal difl hareketi

elde edebilmek için sürekli ve optimal düzey-
de kuvvet uygulanmas› gerekir (1). Difller bir
ark boyunca hareket ettirildi€inde, tel ile bra-
ket aras›nda meydana gelen aç› ve ortaya ç›-
kan sürtünme istenilen en iyi kuvvetin elde
edilmesini engeller ve buna ba€l› olarak difl
hareketinin gecikmesine veya ankraj kay›pla-
r›na neden olabilir (2). Bu nedenle sürtünme-
nin de€erlendirilmesi ortodontide can al›c›
bir konudur ve genellikle, sabit apareylerin
yap›s›nda sürtünmeye yol açan sebeplerin or-
tadan kald›r›lmas›yla, toplam sürtünme de-
€erlerinin azalt›lmas›yla tedavinin kolaylafla-
ca€› ve tedavi süresinin de k›salaca€› gibi bir
anlay›fl hakimdir (3,4). Optimal biyolojik do-
ku cevab› oluflturabilmek ve kesiksiz bir difl
hareketi elde edebilmek için braket/tel/aç›
kombinasyonlar›nda sürtünmeye neden olan
faktörlerin iyi anlafl›lmas› gerekir. Temas ha-
lindeki iki cismin birbiri üzerinde harekete
zorlanmas› esnas›nda, temas yüzeyine te€et
ve bu zorlamaya z›t yönlü olarak ortaya ç›kan
direnç kuvvetine “sürtünme kuvveti” ad› veri-
lir. Bu kuvvet difl hareketi s›ras›nda braket ile
telin temas bölgelerinde meydana gelen kuv-
vet ile sürtünme katsay›s›n›n çarp›m›na eflittir
(5). Klinik aç›dan tel ile braket aras›ndaki sür-
tünme sadece iki materyal aras›ndaki fiziksel
bir olay de€ildir; ayn› zamanda oklüzal kuv-
vetler, periodontal doku, kök say›s› ve yüzey
alan›, kemik yo€unlu€u ve direnci gibi biyo-
lojik yap›lar›n da kat›ld›€› 3 boyutlu multifak-
töriel bir iliflkidir. Sürtünme kuvveti, tel ve
braket yüzeylerinin pürüzlülü€ünden, braket
geniflli€inden, slot geniflli€inden, slot çap›n-
dan, telin çap›ndan, telin kat›l›€›ndan, liga-
türleme tipinden, uygulanan kuvvetin tatbik
noktas›ndan ve miktar›ndan, tel ile braket
aras›nda oluflan aç›dan ve tükürü€ün kayd›r›-
c› özelli€i gibi birçok faktörlerden etkilen-
mektedir (6-13). Bu nedenle ortaya ç›kacak
sürtünme kuvvetlerinin önceden tahmin edil-
mesi oldukça güçtür. Sliding mekaniklerde
difle uygulanacak kuvvet miktar› bilinmesine
karfl›n, sürtünme kuvvetlerinin ortaya konma-
s›ndaki güçlükten dolay›, difle intikal edecek
net kuvvetin hesaplanmas› zordur. Braket ile
ark teli aras›nda oluflan sürtünme, uygulanan
kuvvette %50’ye varan kay›plara neden ola-
bilir (14-18). Telin braket veya ligatür ile te-
mas etti€i her durumda sürtünme de vard›r.

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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Ark boyunca yap›lan bir kanin distalizasyonu
esnas›nda örne€in, kanin, hem distal yönde
devrilir hem de disto-palatinal yönde rotas-
yon gösterir. Bu esnada, gerek braket ile tel
aras›nda, gerekse tel ile ligatür aras›nda sür-
tünme noktalar› ortaya ç›kar (Resim 1).

Buna benzer olaylar seviyeleme safhas›n-
da braketler aras›ndan geçirilen ark telleri ile
braketler aras›nda da de€iflik düzeylerde gö-
rülmektedir. Difller hareket ettikçe teller de
braketler içinden kayarak ilerler ve bu arada
bu materyaller aras›nda sürtünmeler ortaya
ç›kar. Telin slotlar içinden kaymas›n› engelle-
yen sürtünme veya s›k›flma gibi her türlü en-
gel difl hareketinin gecikmesine veya tama-
men durmas›na yol açabilir.

Düz ark tellerinin kullan›ld›€› aç›l› braket
tekniklerinde tel ile braket aras›ndaki temas
aç›s› (telin brakete girifl aç›s›) sürtünmeyi do€-
rudan etkileyen bir faktördür ve kayma tipi (sli-
ding) mekaniklerin yayg›n olarak kullan›lma-
s›ndan dolay› da önemi giderek artmaktad›r.
Braket ile tel aras›ndaki aç› artt›kça, sürtünme-
nin de artmas› beklenir. Hareket eden parçalar-
daki sürtünmeyi ve afl›nmay› azaltmadaki
önemli etkisi bak›m›ndan alt›n kaplamalar ilgi
çekmektedir (19). Metal ve estetik braketlerin
sürtünme dirençleri çok say›daki araflt›rmaya
konu olmas›na karfl›n, literatürde alt›n slot-in-
sert’ler ile ilgili makale say›s› k›s›tl›d›r (20,21)
ve tamam› alt›n kapl› braketler ile ilgili yap›lm›fl
bir araflt›rma yoktur. Bu çal›flmada, ark telleri-
nin alt›n ile kaplanm›fl braketlerde oluflturduk-
lar› sürtünme kuvvetlerinin incelenmesi plan-
lanm›flt›r. Bu amaçla, klinikte en s›k uygulanan
yuvarlak ve dikdörtgen kesitli tellerin farkl› aç›-
land›rmalarda iki ayr› yöntem ile kaplanm›fl al-
t›n braketler ve paslanmaz çelik braketlerde
meydana getirdikleri sürtünme kuvvetleri kuru
ortamda, in vitro olarak belirlenmifltir.

GGEERREEÇÇLLEERR vvee YYÖÖNNTTEEMM
Çal›flmada, ayn› üretici firmaya ait (Ameri-

can Orthodontics, Sheboygan, WI, ABD), slot
çap› 0,018 x 0,025 inch olan, torksuz ve an-

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. 

MMAATTEERRIIAALLSS aanndd MMEETTHHOODDSS
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

fifieekkiill 11:: Braket, ark teli ve

ligatür aras›nda oluflan

sürtünme noktalar› ( Dr.

Tosun’dan al›nm›flt›r)  

FFiigguurree 11:: Friction points

between bracket, arch and

ligature (courtesy of Dr.

Tosun).
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gulasyonsuz, iki ayr› tipteki alt›n ve bir pas-
lanmaz çelik alt kesici braketi ile 0,016 inch
ve 0,016 x 0,022 inç çaplar›ndaki paslanmaz
çelik ve nikel-titanyum alafl›ml› ark tellerinin
kombinasyonlar› kullan›ld›. Braketlerin ve ark
tellerinin özellikleri Tablo I’de gösterilmifltir.

Braket slotunun dört farkl› derecede aç›-
land›rmas›n› temin ederek, tel ile braket ara-
s›nda oluflacak sürtünme kuvvetlerinin sap-
tanmas› için özel tasarlanm›fl elektronik bir
ünite ile bir üniversal test cihaz› (Lloyd Instru-
ments LR 5K, Hampshire, ‹ngiltere; loadcell
NLC 500N, Lloyd Instruments PLC, Segens-
worth, Foreham, ‹ngiltere) kullan›ld›. Deney
düzene€i üç bölümden oluflturuldu (Resim
2): 1- Hareketli tafl›y›c› tabla (Resim 3), 2-
Braketi tafl›yan elektronik aç›land›rma ünitesi
(Resim 3) ve 3- Ark telini tafl›yan ve üniversal
test cihaz›na ba€l› hareketli bölüm (Resim 4).

Sürtünme deneyleri Ege Üniversitesi Teks-
til Araflt›rma ve Uygulama Merkezi laboratu-
var›nda, 18 °C oda s›cakl›€›nda gerçeklefltiril-
di. Braketi tafl›yan elektronik aç›land›rma üni-
tesi, çok hassas olarak sa€a-sola, ileri ve geri-
ye hareket edebilen bir tablan›n üzerine
monte edildi. Tel ve braketlerin yüzeyleri de-
ney öncesinde ya€ çözücü bir solüsyon (Deg-
reaser Cleaner, Philips 390DCS/2, Hollanda)

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”

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
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Braket / Bracket Üretim fiekli /
Production Process

Üretici Firma /
Manufacturer

Forever Gold 24K

Paslanmaz çelik üzeri
24 ayar altın kaplama
/ 24-karat gold plated
mini master SS-braket

AO
390-1010 P

Forever Gold
(alt›n görünümlü)
/ (gold
appearance)

Beyaz altın üzeri
zirkonia kaplama /
White gold and
zirconia plated mini
master SS-braket

AO
390-1010 G

Mini Master SS Standart, sinterleme /
Standard, sintered

AO
393-6070

Ark Teli & Çap› /
Archwire &
Diameter

Üretici Firma /
Manufacturer

SS
0.016"

AO
(853-232)

SS
0.016" x 0.022"

AO
(853-201)

NITI
0.016"

AO
(857-506)

NITI
0.016" x 0.022"

AO
(857-541)

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

TTaabblloo II.. Araflt›rmada

kullan›lan braket ve ark

tellerinin özellikleri.

TTaabbllee II.. Characteristics of

brackets and arch wires used

in the study.
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ile temizlenip kurutuldu. Braketler, aç›land›r-
ma ünitesinin 360 derece dönme kabiliyeti
olan mili üzerinde sabitlendi. Bu milin arka
ucunda elektronik pulslar üreten dijital bir

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-

fifieekkiill 22:: Üniversal test

cihaz›na ba€lanm›fl deney

düzene€i .

FFiigguurree 22:: Experimental setting

attached to the universal

testing machine. 

fifieekkiill 33:: Deney düzene€inin

flematik resmi. Z: Zemin; U:

Üniversal test cihaz›n›n

taban›; T: Hareketli tafl›y›c›

tabla; T1: Elektronik üniteyi

sa€ ve sola hareket ettiren

ayar butonu; T2: Elektronik

üniteyi ileri ve geriye hareket

ettiren ayar butonu; E:

Elektronik aç›land›rma

ünitesinin gövdesi; E1: 360

derece hareketli mil; E2:

Braketi tafl›yan k›s›m; E3 ve

E4: Sabitleyici vidalar; E5:

Elektronik puls üreten dijital

birim; E6: LED-monitör.

FFiigguurree 33:: 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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aç›ölçer yer almaktad›r. Braketin 0° konumu
0,018 x 0,025 inçlik bir rehber tel ile sa€lan-
d›. Deney aflamas›nda kuvvet/esneme oranla-
r›na ba€l› olarak meydana gelebilecek farkl›-
l›klar› ortadan kald›rmak ve gerginliklerini
standardize etmek amac›yla, test edilecek or-
todontik ark telleri hareketli bölüm üzerinde
önce kalibre edilmifl bir yay yard›m›yla 200
graml›k bir kuvvetle gerildi; daha sonra iki
ucundan s›k› flekilde vidalarla sabitlendi (Re-
sim 4). Kalibrasyon yay› uzaklaflt›r›ld›ktan
sonra hareketli bölüm universal test cihaz›na
ba€land›. 0° konumundayken (slot ark teline
paralel), braket, hareketli tabla yard›m›yla ark
teli slota yerleflecek flekilde yaklaflt›r›ld›. Da-
ha sonra, teli tafl›yan bölüm yukar› ve afla€›
do€ru hareket ettirilerek ark telinin slot içeri-
sinde serbest hareket etmesi sa€land›. Ark te-
linin slot taban›na temas etmemesine özen
gösterildi. Braket bu pozisyonda ana mil üze-
rindeki bir vida yard›m›yla sabitlendi. Aç›lan-
d›rma ünitesinin ana mili’nin döndürülmesiy-
le oluflan her aç› de€eri dijital olarak “puls”
cinsinden 0,7° hassasiyetle LCD-monitörüne
aktar›ld›. Ayarlanan aç›n›n sabitlenmesi için
ana mil, hareket etmeyecek flekilde bir vida
yard›m›yla kilitlendi. Ortodontik ark telini ta-
fl›yan hareketli bölüm universal test cihaz› va-
s›tas›yla 1 mm/dakikal›k bir h›z ile yukar›
do€ru hareket ettirilerek oluflan sürtünme de-
€eri (onbinde bir hassasiyet) üniversal test ci-
haz›n›n LCD-monitöründe Newton cinsinden
görüntülendi ve kesintisiz olarak Dapmat
(V2.31, 40/0224) yaz›l›m› ile bilgisayara kuv-
vet-mesafe e€risi fleklinde grafiklerle kayde-
dildi. Her tel için saat yönünde s›ras› ile 4
puls (2,8°), 7 puls (4,9°), 13 puls (9,1°) ve 20
puls’luk (14°) aç›land›rmalar kullan›ld›. Bu
sistemde sadece braket ile tel temasta oldu-
€undan, ekranda okunan ortalama de€erler
sadece bu iki materyal aras›ndaki sürtünme
direnci olarak kabul edilerek aynen al›nm›fl-
t›r. Çal›flmada, American Orthodontics firma-
s›n›n iki ayr› yöntemle üretmifl oldu€u ve al-
t›n ad›yla tan›t›lan braketleri, ayn› firman›n
paslanmaz çelik versiyonu ile sürtünme kuv-
vetleri bak›m›ndan karfl›laflt›r›ld›. Herbir bra-
ket-tel çifti önceden tan›mlanan aç› de€erle-
rinde befler defa test edilirken, teller her sefe-
rinde yenilendi ve her deneme öncesinde ci-
haz s›f›rland›. 

Elde edilen sürtünme kuvvetlerinin ortala-
ma ve standart sapma de€erleri SPSS 10.0 ya-

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 1 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
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z›l›m program› (SPSS Inc., Chicago, IL, ABD)
kullan›larak istatistiksel olarak de€erlendiril-
di. Her braket tipi için farkl› aç›land›rmalarda
telin cinsi ve çap›n›n sürtünme kuvvetleri
üzerindeki etkilerini belirlemek amac›yla fak-
töriyel randomize tasar›ma göre ANOVA tes-
ti uyguland›. Önem seviyesi tüm uygulama-
larda P<0,05 olarak belirlendi. Daha sonra
aç› sabit tutularak model küçültüldü ve bra-
ket-tel etkileflimleri de€erlendirildi. Braket-
aç› etkilefliminde ise tek yönlü varyans alan-

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. 

RREESSUULLTTSS
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 /
Bracket

Tel /
Wire

Tel Çap› / Wire
Diameter
(inch)

Aç› (derece) /
Angulation (deg)

Ortalama /
Mean (N)

SD

2,8 1,2850 0,18
4,9 1,8796 0,31
9,1 3,2958 0,40

NITI 0,016

14 4,3488 0,32
2,8 1,4922 0,09
4,9 2,6312 0,29
9,1 4,8446 0,24

NITI 0,016 x 0,022

14 7,9196 0,37
2,8 1,5716 0,84
4,9 3,4656 1,08
9,1 6,3460 0,69

SS 0,016

14 6,6526 0,68
2,8 1,9380 0,55
4,9 3,5858 0,94
9,1 8,5756 0,89

Çelik /
SS

SS 0,016 x 0,022

14 10,7424 1,03
SS: paslanmaz çelik / stainless steel; NITI: nickel-titanyum; SD: standart sapma / standard deviation

TTaabblloo IIII.. Çelik braket-tel

çiftlerinde farkl› aç›larda

ölçülen sürtünme

kuvvetlerinin ortalama ve

standart sapma de€erleri.

TTaabbllee IIII.. The mean and

standard deviation values of

frictional forces measured for

stainless steel bracket-wire

pairs in different angulations. 

fifieekkiill 44:: Üniversal test

cihaz›na ba€lanan ve

ortodontik ark telini tafl›yan

hareketli bölüm (tasar›m: Dr.

Hakan Bulut). A: Ana flaft; B:

Gerilmifl ortodontik ark teli;

C: Kalibrasyon yay› (bu k›s›m

deney öncesi uzaklaflt›r›ld›);

D: Sabitleyici vidalar.

FFiigguurree 44:: 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.
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lizi uygulanarak önce varyans homojenlikleri
kontrol edildi. Homojen oldu€u durumlarda
F istatisti€i ve Bonferroni testi, homojen ol-
mayan durumlarda ise Brown-Forsythe ve
Dunnett C testleri kullan›ld›.

BBUULLGGUULLAARR
Her üç braket tipinde, tüm tellerde slot ile

tel aras›ndaki aç› artt›kça, sürtünme de€erle-
rinin de artt›€› saptand›. Her braket tipi ve tel
çiftinden elde edilen ortalama sürtünme ve
standart sapma de€erleri aç›lara göre Tablo II,
III ve IV’de görülmektedir.

ned from each pair of bracket and wire accor-
ding to their corresponding angles are de-
monstrated on Tables II, III 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 /
Bracket

Tel /
Wire

Tel Çap› / Wire
Diameter (inch)

Aç› (derece) /
Angulation (deg)

Ortalama /
Mean (N)

SD

2,8 2,9040 0,67
4,9 3,5114 0,50
9,1 5,1880 0,97

NITI 0,016

14 7,8164 0,98
2,8 2,8524 0,62
4,9 3,4884 0,74
9,1 6,3934 0,84

NITI 0,016 x 0,022

14 9,2010 0,79
2,8 4,3182 0,68
4,9 5,5236 0,50
9,1 8,2092 0,67

SS 0,016

14 13,9000 1,42
2,8 2,7924 0,98
4,9 6,0424 1,33
9,1 9,2932 0,58

Forever
Gold

SS 0,016 x 0,022

14 13,4880 0,81
SS: paslanmaz çelik / stainless steel; NITI: nickel-titanyum; SD: standart sapma / standard
deviation

TTaabblloo IIIIII.. Forever Gold

braket-tel çiftlerinde farkl›

aç›larda ölçülen sürtünme

kuvvetlerinin ortalama ve

standart sapma de€erleri.

TTaabbllee IIIIII.. The mean and

standard deviation values of

frictional forces measured for

Forever Gold bracket-wire

pairs in different angulations. 

Braket /
Bracket

Tel /
Wire

Tel Çap› / Wire
Diameter (inch)

Aç› (derece) /
Angulation (deg)

Ortalama /
Mean (N)

SD

2.8 1.0567 0.08
4.9 1.3428 0.18
9.1 2.2278 0.28

NITI 0.016

14 3.3568 0.49
2.8 1.2970 0.19
4.9 2.1868 0.11
9.1 4.1658 0.32

NITI 0.016 x 0.022

14 8.1334 0.35
2.8 2.4264 0.69
4.9 3.6622 0.50
9.1 7.0190 0.80

SS 0.016

14 7.2786 0.94
2.8 2.1056 0.22
4.9 3.2044 0.53
9.1 6.7750 0.58

Forever
Gold
24K

SS 0.016 x 0.022

14 10.3144 1.23
SS: paslanmaz çelik / stainless steel; NITI: nickel-titanyum; SD: standart sapma / standard deviation

TTaabblloo IIVV.. Forever Gold 24K

braket-tel çiftlerinde farkl›

aç›larda ölçülen sürtünme

kuvvetlerinin ortalama ve

standart sapma de€erleri

TTaabbllee IIVV.. The mean and

standard deviation values of

frictional forces measured for

Forever Gold 24K bracket-

wire pairs in different

angulations.
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Braket, tel ve aç› faktörlerinden her üçü-
nün de ayr›, ayr› ana etkileri istatistiksel ola-
rak anlaml› bulunurken (P<0,05), faktörler
aras› tüm ikili ve üçlü etkileflimler de (braket-
tel, braket-aç›, tel-aç›, braket-tel-aç›) anlaml›
bulundu (P<0,05). En düflük sürtünme de€eri
2,8°’lik aç›land›rmada Forever Gold 24K bra-
ketleri ve çelik braketler için 0,016 inçlik Ni-
Ti’da ölçülürken, Forever Gold braketleri için
0,016 x 0,022 inçlik paslanmaz çelik telde
kaydedildi. Toplam sürtünme ortalamalar›
aras›ndaki farklara bak›ld›€›nda, Forever
Gold 24K braketleri ve çelik braketler aras›n-
da sürtünme de€erleri bak›m›ndan anlaml›
fark bulunmad›€› saptan›rken (P>0,05), Fore-
ver Gold 24K braketleri ve Forever Gold bra-
ketleri  aras›nda (P<0,05), ayr›ca, Forever Gold
braketleri ve çelik braketler (P<0,05) aras›nda
anlaml› fark oldu€u görüldü. Sadece 4,9°’de
tüm braketler ve teller aras›nda sürtünme de-
€erleri bak›m›ndan bir benzerlik saptand›. Aç›
de€eri sabit tutularak model küçültüldü€ünde,
braketler ve teller aras›nda ortaya ç›kan etkile-
flimler Tablo V’te gösterilmifltir. 

Varyans homojenlikleri kontrol edildi€in-
de, çelik braketler için; her dört aç› de€erinde
de varyans›n homojen olmad›€› saptand›.
2,8°’nin haricinde (P>0,05) di€er üç aç› de-
€erlerinde teller aras›nda sürtünme de€erleri
bak›m›ndan anlaml› bir fark (P<0,05) bulun-
du€u saptand›. Gold Forever braketleri için;
her dört aç› de€erinde de varyans›n homojen
oldu€u ve tüm aç› de€erlerinde teller aras›nda
sürtünme de€erleri bak›m›ndan anlaml› bir
fark bulundu€u saptand› (P<0,05). Gold Fore-
ver 24K braketleri için ise; 14°’nin haricinde
di€er üç aç› de€erinde varyans›n homojen ol-
du€u ve tüm aç› de€erlerinde teller aras›nda
sürtünme de€erleri bak›m›ndan anlaml› bir
fark bulundu€u saptand› (P<0.05).

TTAARRTTIIfifiMMAA
Günümüzde, düz tellerin kullan›ld›€› full

ark tekniklerinde telin brakete girifl aç›s› sür-

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).

DDIISSCCUUSSSSIIOONN
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-

Aç› (derece)
/ Angle (deg)

Braketler aras›
etkileflim /

Interactions
between brackets

Teller
aras› fark /

Interactions between
arch wires

Braket-Tel etkileflimi /
Interactions between

brackets and arch
wires

2,8 * * *
4,9 * * n.s.
9,1 * * *
14 * * *

*P<0,05; n.s.: anlamlı de€il / nonsignificant

TTaabblloo VV.. Aç› de€erleri sabit

tutuldu€unda braketler ve

teller aras›ndaki etkileflimler 

TTaabbllee VV.. Interactions between

brackets and wires when

angulations were held

constant. 
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tünmeyi do€rudan etkileyen bir faktördür.
Özellikle, önceden aç›land›r›lm›fl straigthwi-
re braketleri ile çal›fl›rken, ark teli slot içine
ilk yerlefltirildi€i andan itibaren difl hareket
etmeye bafllamaktad›r. Bu esnada braket ve
tel aras›ndaki aç›dan kaynaklanan yüksek
sürtünme kuvvetleri nedeniyle daha seviyele-
me dönemindeyken kolayl›kla ankraj kay›p-
lar› ortaya ç›kmaktad›r. Tel ile braket aras›n-
daki sürtünmenin belirlenmesine yönelik ça-
l›flmalarda braket genellikle belli bir aç›da sa-
bitlenerek ark teli braket slotu içinden çekil-
mektedir. Çal›flmam›zda, iki materyal aras›n-
daki etkileflim sadece tek bir düzlemde test
edilmifltir. Böyle bir sistemin bir k›s›tlamas›,
biyolojik ortam› tam olarak taklit edememesi-
dir. Klinik olarak, a€›z içinde tel ile braket
aras›nda oluflan s›k›flmalar, bir yandan telin
kat›l›€›, di€er yandan da dil, dudak ve yanak
kaslar›n›n bas›nçlar›, bruksizm benzeri kötü
al›flkanl›klar ve özellikle de çi€neme kuvvet-
leri gibi fonksiyonel etkilerle kolayl›kla orta-
dan kalkabilmektedir (6). Bu faktörlere, za-
man zaman difl f›rças›n›n teli slot içinde hare-
ket ettirici etkisi de eklenebilir. Buna karfl›l›k,
oklüzal çat›flmalar ve yafla ba€l› olarak artan
kemik ve periodontal doku direnci ve tükrük
içindeki proteinlerin çökelmesi ile ortaya ç›-
kan yap›flt›r›c› etki, tel ile braket aras›ndaki
sürtünmenin artmas›na neden olabilmektedir
(22). Yap›lan çal›flmalar sürtünmeye neden
olan biyolojik de€iflkenler aras›nda tükürü-
€ün (15,23-25), yap›flan peliküllerin, koroz-
yonun ve dental pla€›n bulundu€unu göster-
mifltir (15). Paslanmaz çelik tel kullan›ld›€›n-
da tükürü€ün her zaman kayd›r›c› bir ortam
yaratmad›€›n› (26,27) aksine, telin yüzey ge-
rilimi artt›rarak adeziv bir etki ile sürtünmeyi
daha da att›rabilece€i gösterilmifltir (14). Ay-
r›ca, suni tükürük ile taze al›nm›fl insan tükü-
rü€ü farkl› sonuçlar verebilmektedir (28). Bu
nedenle, bu in vitro çal›flmada tükürü€ün
kayd›r›c› etkisi dikkate al›nmam›fl, kuru bir
deneysel ortam tercih edilmifltir. Klinikte çev-
re doku direnci (retarding force), tel ile braket
aras›ndaki sürtünmeyi etkileyen di€er önemli
bir faktördür. Bu direnç artt›kça sürtünmenin
de anlaml› düzeyde artt›€› çeflitli in vitro ça-
l›flmalarla gösterilmifltir (5,15). Braketin üre-
tim tekni€ine ba€l› olarak slot kenarlar›nda
oluflabilen keskin kenarlar›n ve çapaklar›n da
telin slot içindeki hareketi esnas›nda tel yüze-
yini adeta kaz›yarak sürtünmenin artmas›na

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-
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neden olabildi€i belirtilmektedir (29). Ligatü-
rün cinsi, materyali ve ba€lama kuvveti de
sürtünme kuvvetleri üzerinde önemli ölçüde
etkilidir (6,30). Frank ve Nikolai’e göre, bra-
ket ve tel aras›ndaki düflük aç› de€erlerinde
sürtünme üzerinde bask›n faktör ligatürken,
yüksek aç› de€erlerinde telin kat›l›€›d›r (6).
Bu çal›flmaya, sürtünme ile ilgili etkili faktör-
lerin sadelefltirilmesi amac›yla ligatürleme-
faktörü dahil edilmemifltir. Çal›flmada kullan›-
lan cihaz, braket ve tel aras›ndaki aç›n›n, salt
bu iki materyal aras›nda ortaya ç›kan sürtün-
me kuvvetleri üzerindeki etkisini belirlemeye
yöneliktir. Bu nedenle, çekme ifllemi s›ras›n-
da tellerin braket taban›na temas etmemesi
sa€lanarak ilave bir sürtünme faktörünün or-
taya ç›kmas› önlenmifltir. Braketler sabit, tel-
ler ise hareketlidir ve klinik bak›mdan en s›k
tercih edilen ark telleri test edilmifltir. Test s›-
ras›nda, ark tellerinin düz ve gergin bir flekil-
de tutulmas› nedeniyle, telin kat›l›€›n›n sür-
tünmeye olan etkisinin en aza indirgendi€i
varsay›lm›flt›r. Statik sürtünmeyi aflarak, dina-
mik sürtünmeye geçifli sa€lamak amac›yla
tellere 1 mm/dakikika’l›k bir çekme h›z› ke-
siksiz uygulanm›flt›r. Braket faktörünü stan-
dardize etmek amac›yla ise, ayn› firman›n
kozmetik amaçl› veya alerjik bünyelerde kul-
lan›m alan› bulan alt›n ve alt›n görünümün-
deki braketler ile ayn› tipteki paslanmaz çelik
braketler tercih edilmifltir. 

Ark tellerindeki yüzey pürüzü ve yüzey ka-
t›l›€› braket ve tel aras›ndaki sürtünme mikta-
r›n› belirleyici ek bir faktördür (14,15,31).
Modern ortodonti mekaniklerinde, seviyele-
me amac›yla konvansiyonel looplu çelik ark-
lar yerine düflük yükleme/esneme oran›na sa-
hip NiTi veya çok sar›ml› çelik teller kullan›l-
maktad›r. NiTi teller üzerinde yap›lan çal›fl-
malar, bunlarda yüzey pürüzlülü€ünün fazla
olmas› nedeniyle sürtünmede bir art›fla ne-
den olabileceklerini göstermifltir (2,7,13,
15,32). Ancak, aç›land›r›lm›fl braketlerle ilgili
yeni yap›lan araflt›rmalar NiTi ve SS tellerin
sürtünme oranlar›nda farkl›l›klar oldu€una
iflaret etmektedir. Griffiths et al., De Franco et
al. ve Tselepsis et al. SS tellerde daha yüksek
sürtünme de€erleri bildirmektedirler (33-35).
Buna karfl›n, Loftus et al. NiTi ve SS teller ara-
s›nda istatistiksel bir fark olmad›€›n› göster-
mifltir (36). 2010 y›l›nda Guerrero et al.’›n
aç›land›rma kullanarak yapt›klar› bir araflt›r-
mada ise NiTi teller en düflük sürtünme de-

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 1 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
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€erlerine sahiptir (37). Bu çal›flman›n sonuç-
lar› Guerrero et al. ile uyumluluk göstermek-
tedir. Son y›llarda iyon implantasyonu meto-
du kullan›larak tellerin yüzey kat›l›klar› artt›-
r›ld›€›nda ve pürüzlülükleri azalt›ld›€›nda da-
ha düflük sürtünme de€erlerine kavufltuklar›
vurgulanmaktad›r (38,39). Daha pürüzlü bir
yüzeye sahip olmalar›na karfl›n, NiTi tellerin
daha düflük sürtünme de€erleri gösterebilme-
sinin sebebi, sertlik ve esneklik gibi özellikle-
rinden dolay› braket ile tel aras›nda oluflan ki-
litlenmeyi daha yumuflak bir temas sa€laya-
rak azaltabilmelerinden kaynaklanmaktad›r
(33,34,40). Bu çal›flmada her üç braket tipin-
de de NiTi alafl›ml› ark telleri paslanmaz çe-
lik tellere oranla daha az sürtünme de€erleri
göstermifltir. Çal›flmam›zda ortaya ç›kan bu
fark, deneysel düzenin farkl›l›€›, ligatürleme-
nin yap›lmamas›, test edilen braket ve teller-
deki materyal ve çap farkl›l›klar› ve çekme
öncesi tellerin sabit bir gerilim alt›nda tutul-
mufl olmas› ile aç›klanabilir. 

Sliding mekaniklerde kritik temas aç›s›
Kusy ve Whitley taraf›ndan tarif edilmifltir
(41). Bu araflt›rmac›lar, kritik temas aç›s›n›
her bir braket-tel kombinasyonuna özgü bir
parametre olarak tan›mlamaktad›r. Bu çal›fl-
mada sürtünme, her üç braket tipinde de tüm
tellerde aç› ile orant›l› olarak art›fl göstermifl-
tir. 4.9°’de sürtünme özellikleri benzerlik
gösterdi€inden, kullan›lan braketler için bu
de€er kritik temas aç›s› olarak de€erlendiril-
mifltir. Aç› artt›kça braket ile tel aras›ndaki s›-
k›flmaya ba€l› olarak sürtünme kuvvetleri de
artm›flt›r. Braket angulasyonu artt›kça sürtün-
menin de anlaml› bir flekilde artt›€›na dair el-
de etti€imiz bulgu birçok araflt›rma ile para-
lellik göstermektedir (2,6,35,42-46). Forever
Gold 24K braketleri bütün tel materyallerin-
de anlaml› düzeyde düflük sürtünme de€erle-
ri vermifltir. Bunun temel nedeni, bu braketle-
rin 24 ayar alt›n gibi yumuflak bir metal ile
kaplanm›fl olmas› ve braket yüzeyindeki pü-
rüzler ve çapaklar›n ezilerek daha parlak ha-
le gelmesi ile telin slot içinde ve kanat kenar-
lar›nda serbestçe kaymas›na izin vermesi
fleklinde yorumlanabilir. 

Estetik braketler, ortodonti hastalar›ndan
gelen yo€un talepler üzerine gelifltirilmifl ol-
malar›na ra€men, sürtünme katsay›lar›n›n
yüksekli€inden dolay› a€›z içindeki kullan›m-
lar› k›s›tl› kalm›flt›r. Sürtünme direnci ile ilgili
bu problemlerin giderilmesi amac›yla metal

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 tafl›yan kombinasyon braketle-
ri üretilmeye bafllanm›flt›r (47). Paslanmaz çe-
lik ve alt›n insert tafl›yan estetik braketleri bir-
biri ile karfl›laflt›ran ›slak ortaml› bir çal›flma-
da Rajakulendran ve Jones bu iki braket tipi-
nin statik sürtünme direnci bak›m›ndan ben-
zer özellikler gösterdi€ini belirtmifllerdir (21).
Ancak, Kusy ve Whitley 18 ayar alt›n insert
tafl›yan estetik braketlerin kuru ortamda pas-
lanmaz çelik insertlere oranla çok daha üstün
olduklar›n› belirterek, aksi bir görüfl bildir-
mifllerdir (20). Paslanmaz çelik insert’li bir
braket ve iki farkl› tip çelik braket ile karfl›lafl-
t›r›ld›€›nda, alt›n insert’li braketler, ölçülen
tüm ikinci düzen angulasyonlar›nda en düflük
sürtünme de€erlerini göstermifltir, ligatür ile
ba€land›ktan sonra dahi. Bu araflt›rmac›lar 18
ayar alt›n›n bu karakteristik özelli€ini, oksit-
lenmeyen bir yüzeyin varl›€›na ba€lam›fllar-
d›r (20). Paslanmaz çelik alafl›mlarda kro-
moksit tabakas› atmosferik nem veya tükürük
ile reaksiyona girer ve yüzey gerilimini de€ifl-
tirerek adeziv bir etki yarat›r (22). Bize göre,
oksitlenmeyen bir yüzey karakteristi€inin ya-
n›nda, 24 ayar alt›n›n esneklik modülü pas-
lanmaz çeli€e göre daha yüksektir, böylelikle,
ark teli slot içerisinden ve kanat kenarlar›n-
dan geçerken braket yüzeyindeki pürüzleri ve
çapaklar› ezerek daha parlak ve kaygan hale
getirir ve kendisi daha serbestçe kayar. Alt›n
ve alt›n alafl›mlar›n›n tribolojik özellikleri bir-
biriyle iliflkili birden fazla faktöre ba€l›d›r.
Kaplama yöntemi (elektrodepozisyon, vakum
evaporasyon veya sputtering, iyon implantas-
yonu), kaplaman›n alt tabakaya adezyonu,
kaplanan filmin kal›nl›€› (5-20 µm), sürtünen
metalin cinsi, çevre (oksitleyici tabakan›n ol-
mamas›), ›s›, alt›na ilave edilen alafl›m metal-
leri ve alt›n ile di€er metaller aras›ndaki
adezyon sürtünme stresi etkisindeki bir alt›n
kaplaman›n dayan›kl›l›€› ve etkinli€i için dik-
kate al›nmas› gereken önemli unsurlard›r
(19). Sürtünme direncinin azalt›lmas›n›n kli-
nik aç›dan anlam›, difllerin seviyelenmesi için
gereken sürenin k›salmas› ve fazla ankraja
gereksinim olmadan boflluklar›n daha h›zl›
kapat›lmas›d›r. Alt›n›n braket ve ark teli ara-
s›ndaki sürtünmeyi azaltmadaki potansiyel
etkisi bu çal›flmada elde edilen sonuçlardan
daha da fazla olabilir. Bu nedenle, yeni arafl-
t›rmalar ile alt›n ve alt›n alafl›mlar›n›n üstün
tribolojik niteli€inden faydalan›larak braket-
lerin morfolojik özellikleri gelifltirilmelidir.

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 µm),
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. 

CCOONNCCLLUUSSIIOONNSS
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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SSOONNUUÇÇ
1- Braket tipi, ark teli ve aç›land›rma faktör-

leri sürtünme kuvvetleri üzerinde etkilidir.
Ayn› braket tipinde telin çap› sabit tutul-
du€unda aç›lanma artt›kça, sürtünme de-
€eri de do€rusal olarak artmaktad›r. 

2- NiTi ark telleri SS tellere göre en düflük
ortalama sürtünme de€eri göstermektedir.

3- Forever Gold 24K braketleri (24 ayar alt›n
kaplama) test edilen NiTi tellerle sürtünme
kuvvetleri bak›m›ndan di€er iki braket ti-
pinden istatistiksel olarak anlaml› düzeyde
daha düflük sürtünme de€erlerine sahiptir. 

4- Forever Gold 24K braketleri ile paslan-
maz çelik braketler toplam ortalama sür-
tünme direnci bak›m›ndan benzer özellik
gösterirken, zirkonia ile kapl› olan alt›n
görünümündeki Forever Gold braketleri
sürtünme de€erleri bak›m›ndan di€er iki
braket tipinden farkl›l›k göstermektedir ve
dört farkl› aç›land›rmada da hem NiTi,
hem de SS ark tellerinde en yüksek sür-
tünme de€erlerini sergilemifltir. 

5- Metal braketlerde slotlar›n 24 ayar alt›n
ile kaplanmas› veya estetik braketlere 24
ayar alt›n insert’lerin yerlefltirilmesi özel-
likle seviyeleme aflamalar›nda sürtünme
kuvvetlerini önemli ölçüde azaltabilir.
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tesi Tekstil Araflt›rma Uygulama Merkezi Bafl-
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kürlerimizi sunar›z. 

2- NiTi arch wires revealed the lowest mean
frictional force values in contrast to SS
arch wires.

3- The Forever Gold 24K brackets (24-karat
fine gold plated) showed significant lower
values in combination with NiTi arch wires
than the other two bracket types in terms of
frictional forces. 

4- Forever Gold 24K and stainless steel brac-
kets demonstrated similar characteristics in
total mean frictional resistance while, Fore-
ver Gold brackets which are plated with
zirconia having a gold appearance exhibi-
ted difference from the other two bracket
types and had the highest frictional force
values for NiTi as well as for SS arch wires
in all four angulations. 

5- It should be considered that 24 carat fine
gold plated bracket slots in metal brackets
or slot inserts in esthetic brackets could be
effective in reducing frictional forces parti-
cularly during leveling stages.
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