Ortodontik Plaklarin Plaklarin Mekanik Kuvvetlere Karst
Giiclendirilmesinde Cam Fiber Kullanimi

Use of Glass Fiber to Reinforce Ortohodontic Plates
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G<Rdi

Polimetil metakrilat (PMMA) renk stabilite-
si, kolay maniplasyonu ve cilalanabilirligi ne-
denleriyle dishekimliginde en cok kullanilan
materyallerden biridir. PMMA’in ortodontide
kullanilan formu olan ortodontik akrilin ilave
bir 6zelligi seffaf bir goriinti saglayabilmesi-
dir. Tum bu stiin 6zelliklerine ragmen bu
materyalin ideal mekanik gereksinimleri tam
olarak yerine getiremedigi gorilmektedir (1-
4). Arastiricilar bu materyalde, en cok bikl-
me yorgunluguna karsi orta hatta meydana
gelen kirilmalari gozlemislerdir (5,6). Arastir-
malarda, bu materyalin mekanik dayanikhli-
gini arttirmada tel yada metal plaklarin, kar-
bon, aramid ve son olarak cam fiberlerin de-
nendigi gorilmektedir (7,8).

Mullarky (9) ortodontik apareylerin giic-
lendirilmesinde aramid fiberlerin kullanimini
onermistir. Larson ve ark. (10) ve Stipho (3)
karbon ve aramid fiberlerin PMMA'in yapisi-
ni gliclendirdigini bununla birlikte apareyle-
rin cilalanmasini giclestirdigini ve estetigi
kottlestirdigini bildirmislerdir. Son yillarda
PMMA’In mekanik 6zelliklerinin arttirilma-
sinda cam fiberlerin kullanimina yénelik ca-
ismalar artmistir. Vallittu ve ark. (2) test or-
neklerinin merkezine uyguladigi cam fiberle-
rin orneklerin kirilma direncini oldukca yiik-
selttigini  bildirmislerdir. Stipho (3) toplam
toz/likit oranina gore %1, %2, %5, %10 ve %
15 oraninda cam fiber ilavelerini test etmis ve
%71 cam fiber ilavesi ile protetik akrilik rezi-
nin en yiksek oranda mekanik kuvvetlere
karsi kirllma direnci gosterdigini bulmustur.

Ozellikle vidalar ve springler gibi aktif ele-
manlarin eklendigi ortodontik apareylerde
cogu zaman farkli diizeylerde kirilmalara
rastlanmaktadir. Apareylerin kirilmasini énle-
menin bir yolu olarak biraz daha kalin yapil-
masi 6ngorilse de bunun en buytik dezavan-
taji konusma problemleri olusturmasidir.

Bu calismada ortodontik amacla kullani-
lan ortodonti akrilik rezin materyalinin meka-
nik ozelliklerinin arttirillmasinda cam fiber
ilavesinin etkilerinin arastirilmasi amaclan-
mistir.

GERECLER ve YONTEM

Dort grup ve her grupta 10 test 6rnegi ola-
cak sekilde 1si ile sertlesen ortodontik akrilik
(Orthocryl, Dentaurum, Germany) kullanildi.
Birinci grup kontrol grubu olarak distintle-
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INTRODUCTION

Polimethyl methacrylate (PMMA) is the
most commonly used material in dentistry.
Color stability and ease of manipulation and
polishing make it a desirable material. The
orthodontic form of PMMA has an additional
transparent appearance. Despite its popula-
rity, the material is far from ideal in fulfilling
the mechanical requirements (1-4). The rese-
archers have observed that in function, mid-
line fracture is a common problem due ma-
inly to flexural fatigue (5,6). Metal wires and
plates, carbon and aramid fibers have been
investigated in strengthening PMMA (7,8).

Mullarky (9) has said aramid fibers are
useful in reinforcing orthodontic appliances.
According to Larson et al. (10) and Stipho (3),
carbon and aramid fibers are useful in
strengthening PMMA but produced difficult
polishing and poor aesthetics. In the last ye-
ars the studies have increased using glass fi-
ber to strengthening PMMAfor mechanic for-
ces. Vallittu et al. (2), informed that when the
glass fibers applied in the centre of the tested
specimens, the fibers was increased strengt-
hening properties them. Stipho (3) tested 1%,
2%, 5%, 10% ve 15% glass fiber treatment
percentage for prosthetic acrylic resin reinfor-
cement, 1% glass fiber concentration was fo-
und to give the best fracture strength results.

In the orthodontic appliances which have
screw and spring the different levels bre-
akings are often seen. The thicker appliance
can be a solution to these problems but the
more speech disorders can be seen.

The purpose of this study was to investiga-
te effects of using glass fiber to enhance mec-
hanical properties of the orthodontic acrylic
resin material.

MATERIAL and METHODS

Heat cured orthodontic acrylic resin (Ort-
hocryl, Dentaurum, Germany) was used to
prepare four groups of test specimens. One
group was used as a control with no glass fi-
ber strengthener added. Other groups were
prepared with different percentages of E-glass
fibers (Ahlstrom, Karhula, Finland). The ma-
terial supplied in long strands of strong and
flexible thread fibers had a nominal diameter
of 10pm. The fibers were cut into short
lengths of approximately 2 mm and set in
predetermined masses enough to form the
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rek akril icine cam fiber eklenmedi. Diger ari-
lik gruplari hazirlanirken farkli ylizdelerde E-
cam fiberler (Ahlstrom, Karhula, Finland) ka-
risma eklendi. Esnek ipliksi ve uzun dayanik-
Ii tellerden olusan fiber materyali 10pm c¢a-
pindaydi. Uzun fiberler yaklasik 2 mm bo-
yunda kesilerek 6nceden saptanan miktarda
akrilik likit/toz karigimina %1, %2 ve %5 ora-
ninda eklendi. istenilen miktarda fiberler &n-
celikle belirlenen miktardaki metilmetakrilat
likidine kanstirildi daha sonra belirlenen
miktardaki toz bu karigima eklendi, bu saye-
de fiberlerin karigim icinde rasgele ve her yo6-
ne esit bir sekilde dagilimi saglandi (10). Her
ornek, polymer/monomer orani 10 gm/8 ml
olacak sekilde 3 X 4.5 X 50 mm boyutlarinda
hazirlandi (2) (Sekil 1).

Hentiz polimerizasyonu baslamamis akri-
lik karigim bir kaliba yerlestirildi ve ardindan
basingli tencerede retici firmanin tavsiyesi-
ne gor 40°C/104°F, 2.2 bars (30 p.s.i.) ve 20
dakika siire ile polimerize edildi. Ornekler
kahplardan cikarildiktan sonra ince bir zim-
para ile fazla kisimlari diizeltildi. Yine 6rnek-
lerin son boyutlari hassas dijital mikrometre
ile kontrol edildi. Tim 6rneklerin yatay yon-
de dayanikliliklari Instron test makinesi (Mo-
del E500, Instron Corp. Canton, Mass) 12.7
mm/dak. hiz ile test edildi. Orneklere kirilma
meydana gelene kadar merkezi yiikleme ya-
pildi (Sekil 2). Meydana gelen yiik, maksi-
mum egilme hareketi formili ile yatay daya-
niklihga gevrildi: S= 3PL/4bd2, S: yatay daya-
niklilik, P: uygulanan yik, L: destek cubuklar
arasindaki mesafe, b: 6rnegin genisligi ve d:
ornegin kalinhgidir. Maksimum kirilma ve
deformasyon yikiine gore dort grubu karsi-
lagtirmak icin, veriler one-way analysis of va-
riance (ANOVA\) ile analiz edildi. islemlerde-
ki farki degerlendirmek icin de multiple ran-
ge Tukey-B testi kullanildi.

s

percentages of 1%, 2%, and 5% of the pow-
der/liquid mixes. The desired mass of fibers
was first mixed thoroughly with a predetermi-
ned volume of methylmetacrylate liquid,
then the required mass of powder was added
to the mix an stirred so that the fibers will
randomly oriented to give isotropic properti-
es to the composite (10). The polymer mono-
mer ratio was 10 gm/8 ml for all samples. Ten
samples (3 X 4.5 X 50 mm) were fabricated in
each test group (2) (Figure 1).

The unpolymerized acryclic resin dough
was placed the model for curing in the pres-
sure vessel containing water at between
40°C/104°F. Maintain a pressure of 2.2 bars
(30 p.s.i.) for 20 minutes as manufacturers’
recommendation. All specimens were prepa-
red with same procedure in the same mold.
After demolding, the specimens were remo-
ved and finished to remove excess material
by honing with fine sand paper. The exact fi-
nal dimensions were ensured with a fine di-
gital micrometer. All samples were tested for
transverse strength with the Instron testing
machine (Model E500, Instron Corp. Canton,
Mass) at crosshead speed of 12.7 mm/minu-
te. The specimens were then loaded at the
center until fracture occurred (Figure 2). The
fracture load of each specimen was conver-
ted to transverse strength by calculations
using maximum bending movement formula
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Sekil 1: Is1ile sertlesen
ortodontik PMMAtest
Orneginin sekli ve boyutlar

(mm).

Figure 1: Shape and
dimensions (in millimeters) of
orthodontic heat-cured PMMA

test specimens

Tablo I Olg{ilen kuvvet,
deformasyon ve tiim test

islemleri icin variance

Table I: Comparison between
the calculated strength,
deformation, and variance for

all the tested treatments



Sekil 2: Orneklere uygulanan
yliklemenin sematik

gOsterimi.

Figure 2: Schematic
representation of specimen’s

loading.

Tablo I: Dort farkl islem
grubunun One-way ANOVA

analizi ile karsilastirilmasi.

Table I: One-way ANOVA
analysis to compare the six

different groups of treatment.

+ Test specimen

/ Fiber

35mm

BULGULAR

Cam fiber eklenmemis akrilik rezin 6rnek-
lerin yatay yondeki dayanikhihgr 66527
KPa.'di. Tim test gruplari karsilastinldiginda
en fazla dayaniklilik %2 cam fiber eklenmis
orneklerde gorilirken (80260 KPa.), %5 cam
fiber eklenmis 6rneklerde %1 ve 2 fiber ek-
lenmis 6rneklere gore daha zayifti (ortalama
yatay yuk dayanikhiligi 72660 KPa) (Tablo I).
Ayni durumlar maksimum deformasyon hata-
si degerlendirmelerinde de gorildi. Ortala-
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for fixed ends: S= 3PL/4bd2, where S is trans-
verse strength, P is load applied, L is distance
between support rods, b is sample with, and
d is sample thickness. The data were analy-
zed with a one-way analysis of variance
(ANOVA) to compare the four types of treat-
ment for the maximum breaking load and the
deformation. Furthermore multiple range Tu-
key-B test was applied to determined any dif-
ferences in treatment.

RESULTS

The untreated acrylic resin samples (no
glass fiber) exhibited a mean transverse
strength of 66527 KPa. When all tested gro-
ups are compared the transverse strength of
the 2% glass fiber treated acrylic samples we-
re found stronger (mean transverse strength of
80260 KPa), but 5% glass fiber reinforcement
was found actually weaker compared to the
1% and the 2% (mean transverse strength of
72660 KPa) (Table I). A similar tendency was
found on the maximum deformation at failu-
re. The mean transverse strength and maxi-

ma yatay yuk dayaniklihgr ve maksimum de-
formasyon hatasinin cam fiber islemlerinden
onemli derecede etkilendigi bulundu
(p<0.0001) (Tablo I1). Tukey’in istatistiksel test
sonuclarn Tablo llI'de gorilmektedir. Buna
gore tim gruplarin maksimum deformasyon
hatas1 ortalamalari karsilastirlldiginda test
edilen islemler arasinda onemli farkliliklar
bulunmaktadir (p=0.05). %2 cam fiber ile
muamele edilen érnekler, isleme tabi tutul-
mayan ve %5 fiberle muamele edilen 6rnek-
lere gore onemli derecede daha kuvvetliydi.

TARTIfiMA
Bu calismada akrilik rezin polimer matriks
icindeki fiber miktarindaki artisin test 6rnek-

mum deformation at failure were found signi-
ficantly influenced by the glass fiber percen-
tage treatments (p<0.0001) (Table 1l). Tukey’s
statistical test results are presented in Table
lll. These revealed that a significant level of
differences between the tested treatments
exist (p=0.05), comparing the means of both
the maximum deformation at failure of all the
groups. It was clear that acrylic resin samples
treated with the 2% glass fiber were signifi-
cantly stronger than those untreated or 5%
glass fiber.

DISCUSSION
It was found that an increase in the amo-
unt of the fibers in the acrylic resin polymer
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lerinin kirllma yuklerini arttirdigi bulunmus-
tur. Bu bulgu diger cam fiber calismalariyla
uyumludur (1-4). Tam islem gruplar icinde,
%2’ lik cam fiber ilave islemi en olumlu etki-
ye sahipti. Stipho (3), 1%, 2%, 5%, 10% ve
15% oranlarinda cam fiber ilave ettigi otopo-
limerize protetik akrilik rezin 6rneklerini test
etmis ve oncelikle %1 ve hemen sonra %2 fi-
ber ilave gruplarinin en yiiksek kirilma daya-
nikhligina sahip olduklarint bulmustur.

Diger yandan cam fiber konsantrasyonu-
nun %2’yi gecmesi durumunda rezinin kiril-
ma direncinin distigu gordlmustir. Valittu
(2) ve Stipho (3), hem 1si ile sertlesen hem de
otopolimerize rezinlerde akrilik rezin karisi-
mindaki fiber oraninin %10’u gecmesi duru-
munda 6nemli boyutsal degisiklikler meyda-
na gelmeyecegini bildirmislerdir. Yiksek
orandaki cam fiberler monomer ile karistiril-
diginda poroziteyi  arttiracak  bicimde
kiimelenmeye sebep olabilmektedir. Boylece
kompozitin yapisinda bosluklar meydana
gelecek ve PMMA'nin homojen yapisi
bozulacaktir (2).

PMMA'nin glclendirilmesinde karbon
veya aramid fiberlerin kullanimi da
disinilebilir. Mullarky (9) ortodontik plak-
larin giiclendirilmesinde aramid fiberleri kul-
lanmustir. Bununla birlikte bu fiberlerin kul-
lanimi ile plagin polisaji zorlasacak ve kot
bir gorinim ortaya c¢ikacaktir (3,10). Cam
fiberler yliksek 1silara, neme ve yaga dayanik-
I olmasi ve plaklara mikemmel polisaj 6zel-
ligi kazandirmasi yoninden avantajlara
sahiptir (3). Ozellikle iyi polisaj 6zelligi or-
todontik apareylerin yapiminda 6nem kazan-
maktadir.

Devamli formda fiberleri plaklara dahil et-
mek oldukca zordur 6zelikle basing altinda
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matrix enhanced the fracture loads of the test
specimens. This finding is in agreement with
previously reported studies (1-4). Of all the
treatments used, the 2% glass fiber contents
revealed the most favorable effect with the
method used in this study. Stipho (3) tested
1%, 2%, 5%, 10% ve 15% glass fiber treat-
ment percentage for autopolymerizing prost-
hetic acrylic resin reinforcement, and found
1% and following 2% glass fiber concentrati-
ons gave the best fracture strength results.

On the contrary, the increase in the con-
centration of glass fiber reinforcement be-
yond 2% of the composite mass actually we-
akened the resin. Valittu (2) and Stipho (3) fo-
und that glass fiber reinforcements used in a
concentration of 10% by weight of the acry-
lic resin mix did not demonstrate considerab-
le improvement to dimensional changes in
both heat-cured and autopolymerizing resins.
The higher content of the glass fibers may
tend to clump together when mixed with mo-
nomer increasing the porosity by forming vo-
id spaces in the composite, or acting as inc-
lusive bodies that break up homogeneous
matrix of the PMMA (2).

Carbon or aramid fibers can also be used
in strengthening PMMA. Mullarky (9) has
used aramid fibers in reinforcing orthodontic
appliances. However these fibers produce
difficult polishing and poor aesthetics (3,10).
Glass fibers are known to resist extreme tem-
perature, moisture, and oil and have excel-
lent polishing characteristics (3). Especially,
excellent polishing characteristics of this
material present an importance for orthodon-
tic appliances.

The incorporation of continuous fibers at a
specific part of the denture base is difficult

Tablo III: %5 6nem diizeyli
Tukey-B multiple range testi

sonuglari.

Table III: Tukey-B multiple
range test results with 5%

significant level.



fiberler plak icinde istenildigi formda kal-
mamakta ve yer degistirmektedirler (2,3). Bu
calismada kullanilan kigik parcali  ve
daginik formda kullanilan fiberler bu sorunu
ortadan kaldirmisgtir.

Ortodontik plaklarda aranilan baslica
ozellikler en ince ve en gicli yapida ol-
masidir. Bu ¢calisma dustk konsantrasyonda
daginik kictk parcali cam fiber kullaniminin
ortodontik apareylerin dayaniklihgini arttir-
mada oldukca faydal olacagini ortaya koy-
mustur.
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because of the complications in the fab-
rication of the fiber composite reinforcement
and the lateral spreading of the fibers during
pressing (2,3). However, the glass fiber rein-
forcement used in this study, in small cut ran-
dom loose form, minimizes these difficulties.

Orthodontic plates must have the thinnest
and the strongest structures. This study
revealed that reinforcing acrylic resin with
low concentration of loose small cut glass
fibers mixed in random form proved to be a
useful and laboratory technique to strengthen
the orthodontic appliances.
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