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ÖZET

Bu çal›flmada ortodontik akrilik rezi-
nin yatay yüklenilme ve maksimum de-
formasyonu üzerinde cam fiberin yüzde-
sel miktar›n›n farkl› etkileri araflt›r›ld›.
Üretici firman›n talimatlar›na göre k›rk
adet örnek özel bir kal›p kullan›larak ha-
z›rland›. Cam fiber ile güçlendirme için
toplam toz/likit oran›na göre fiberlerin
dört de¤iflik yüzdesinde (0%, 1%, 2%,
5%) ve rasgele formunda çal›fl›ld›. Sonuç-
lar %2 cam fiber ilavesi ifllemi test örnek-
lerinin yatay yüklenim derecesin artt›rd›-
¤›n› gösterdi. Test edilen ifllem gruplar›-
n›n maksimum deformasyon hatas› farkl›
bulunurken k›r›lma direnci ve deformas-
yonu üzerinde fiber konsantrasyonunun
etkisi önemliydi. Sonuçta %2 cam fiber
konsantrasyonunun k›r›lma direnci ve
deformasyona karfl› en iyi sonuçlar› ver-
di¤i bulunurken daha fazla miktarda cam
fiber yüzdesinin rezini zay›flataca¤›
görüldü. (Türk Ortodonti Derg i s i
2006;19:235-240)

Anahtar Kelimeler: Cam fiber,
Ortdontik plak, Güçlendirme

SUMMARY

This study investigated the different ef -
fects of quantitative percentages of glass
fiber intensity on the transverse strength
and maximum deformation of orthodon -
tic acrylic resin. Forty specimens were
formed in a specially designed mold to
produce identical specimens in accor -
dance with the manufacturer’s recom -
mendations. Four different percentages of
glass fiber reinforcements in loose ran -
dom form were studied. Each glass fiber
treatment percentage (0%, 1%, 2%, 5%)
was related to the total powder/liquid
mass. The results indicated that 2% glass
fiber treatment enhanced the transverse
strength of the tested specimen. Maxi -
mum deformation at failure in the tested
treatment groups was found to be diffe -
rent. The interaction of glass fiber con -
centration on fracture strength and defor -
mation was significant. In conclusion the
2% glass fiber concentration was found
to yield optimum fracture strength and
deformation results. Increased amount of
glass fiber incorporation resulted in dec -
reased mechanical properties of the
resin. (Turkish J Orthod 2006;19:235-
240)
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plate, Reinforcement
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G‹R‹fi
Polimetil metakrilat (PMMA) renk stabilite-

si, kolay maniplasyonu ve cilalanabilirli¤i ne-

denleriyle diflhekimli¤inde en çok kullan›lan

materyallerden biridir. PMMA’in ortodontide

kullan›lan formu olan ortodontik akrilin ilave

bir özelli¤i fleffaf bir görüntü sa¤layabilmesi-

dir. Tüm bu üstün özelliklerine ra¤men bu

materyalin ideal mekanik gereksinimleri tam

olarak yerine getiremedi¤i görülmektedir (1-

4). Araflt›r›c›lar bu materyalde, en çok bükül-

me yorgunlu¤una karfl› orta hatta meydana

gelen k›r›lmalar› gözlemifllerdir (5,6). Araflt›r-

malarda, bu materyalin mekanik dayan›kl›l›-

¤›n› artt›rmada tel yada metal plaklar›n, kar-

bon, aramid ve son olarak cam fiberlerin de-

nendi¤i görülmektedir (7,8).

Mullarky (9) ortodontik apareylerin güç-

lendirilmesinde aramid fiberlerin kullan›m›n›

önermifltir. Larson ve ark. (10) ve Stipho (3)

karbon ve aramid fiberlerin PMMA’›n yap›s›-

n› güçlendirdi¤ini bununla birlikte apareyle-

rin cilalanmas›n› güçlefltirdi¤ini ve esteti¤i

kötülefltirdi¤ini bildirmifllerdir. Son y›llarda

PMMA’›n mekanik özelliklerinin artt›r›lma-

s›nda cam fiberlerin kullan›m›na yönelik ça-

l›flmalar artm›flt›r. Vallittu ve ark. (2) test ör-

neklerinin merkezine uygulad›¤› cam fiberle-

rin örneklerin k›r›lma direncini oldukça yük-

seltti¤ini bildirmifllerdir. Stipho (3) toplam

toz/likit oran›na göre %1, %2, %5, %10 ve %

15 oran›nda cam fiber ilavelerini test etmifl ve

%1 cam fiber ilavesi ile protetik akrilik rezi-

nin en yüksek oranda mekanik kuvvetlere

karfl› k›r›lma direnci gösterdi¤ini bulmufltur.

Özellikle vidalar ve springler gibi aktif ele-

manlar›n eklendi¤i ortodontik apareylerde

ço¤u zaman farkl› düzeylerde k›r›lmalara

rastlanmaktad›r. Apareylerin k›r›lmas›n› önle-

menin bir yolu olarak biraz daha kal›n yap›l-

mas› öngörülse de bunun en büyük dezavan-

taj› konuflma problemleri oluflturmas›d›r.

Bu çal›flmada ortodontik amaçla kullan›-

lan ortodonti akrilik rezin materyalinin meka-

nik özelliklerinin artt›r›lmas›nda cam fiber

ilavesinin etkilerinin araflt›r›lmas› amaçlan-

m›flt›r.

GEREÇLER  ve  YÖNTEM
Dört grup ve her grupta 10 test örne¤i ola-

cak flekilde ›s› ile sertleflen ortodontik akrilik

(Orthocryl, Dentaurum, Germany) kullan›ld›.

Birinci grup kontrol grubu olarak düflünüle-

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 10µm. 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 içine cam fiber eklenmedi. Di¤er ari-

lik gruplar› haz›rlan›rken farkl› yüzdelerde E-

cam fiberler (Ahlstrom, Karhula, Finland) ka-

r›flma eklendi. Esnek ipliksi ve uzun dayan›k-

l› tellerden oluflan fiber materyali 10µm ça-

p›ndayd›. Uzun fiberler yaklafl›k 2 mm bo-

yunda kesilerek önceden saptanan miktarda

akrilik likit/toz kar›fl›m›na %1, %2 ve %5 ora-

n›nda eklendi. ‹stenilen miktarda fiberler ön-

celikle belirlenen miktardaki metilmetakrilat

likidine kar›flt›r›ld› daha sonra belirlenen

miktardaki toz bu kar›fl›ma eklendi, bu saye-

de fiberlerin kar›fl›m içinde rasgele ve her yö-

ne eflit bir flekilde da¤›l›m› sa¤land› (10). Her

örnek, polymer/monomer oran› 10 gm/8 ml

olacak flekilde 3 X 4.5 X 50 mm boyutlar›nda

haz›rland› (2) (fiekil 1). 

Henüz polimerizasyonu bafllamam›fl akri-

lik kar›fl›m bir kal›ba yerlefltirildi ve ard›ndan

bas›nçl› tencerede üretici firman›n tavsiyesi-

ne gör 40°C/104°F, 2.2 bars (30 p.s.i.) ve 20

dakika süre ile polimerize edildi. Örnekler

kal›plardan ç›kar›ld›ktan sonra ince bir z›m-

para ile fazla k›s›mlar› düzeltildi. Yine örnek-

lerin son boyutlar› hassas dijital mikrometre

ile kontrol edildi. Tüm örneklerin yatay yön-

de dayan›kl›l›klar› Instron test makinesi (Mo-

del E500, Instron Corp. Canton, Mass) 12.7

mm/dak. h›z ile test edildi. Örneklere k›r›lma

meydana gelene kadar merkezi yükleme ya-

p›ld› (fiekil 2). Meydana gelen yük, maksi-

mum e¤ilme hareketi formülü ile yatay daya-

n›kl›l›¤a çevrildi: S= 3PL/4bd2, S: yatay daya-

n›kl›l›k, P: uygulanan yük, L: destek çubuklar

aras›ndaki mesafe, b: örne¤in geniflli¤i ve d:

örne¤in kal›nl›¤›d›r. Maksimum k›r›lma ve

deformasyon yüküne göre dört grubu karfl›-

laflt›rmak için, veriler one-way analysis of va-

riance (ANOVA) ile analiz edildi. ‹fllemlerde-

ki fark› de¤erlendirmek için de multiple ran-

ge Tukey-B testi kullan›ld›. 

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

fiekil 1: Is› ile sertleflen

ortodontik PMMAtest

örne¤inin flekli ve boyutlar›

(mm).

Figure 1: Shape and

dimensions (in millimeters) of

orthodontic heat-cured PMMA

test specimens

                        
                                                      

                           

                           

                           

                          

                                                            
  

                                                                         

Tablo I: Ölçülen kuvvet,

deformasyon ve tüm test

ifllemleri için variance

Table I: Comparison between

the calculated strength,

deformation, and variance for

all the tested treatments
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BULGULAR
Cam fiber eklenmemifl akrilik rezin örnek-

lerin yatay yöndeki dayan›kl›l›¤› 66527

KPa.’d›. Tüm test gruplar› karfl›laflt›r›ld›¤›nda

en fazla dayan›kl›l›k %2 cam fiber eklenmifl

örneklerde görülürken (80260 KPa.), %5 cam

fiber eklenmifl örneklerde %1 ve 2 fiber ek-

lenmifl örneklere göre daha zay›ft› (ortalama

yatay yük dayan›kl›l›¤› 72660 KPa) (Tablo I).

Ayn› durumlar maksimum deformasyon hata-

s› de¤erlendirmelerinde de görüldü. Ortala-

ma yatay yük dayan›kl›l›¤› ve maksimum de-

formasyon hatas›n›n cam fiber ifllemlerinden

önemli derecede etkilendi¤i bulundu

(p<0.0001) (Tablo II). Tukey’in istatistiksel test

sonuçlar› Tablo III’de görülmektedir. Buna

göre tüm gruplar›n maksimum deformasyon

hatas› ortalamalar› karfl›laflt›r›ld›¤›nda test

edilen ifllemler aras›nda önemli farkl›l›klar

bulunmaktad›r (p=0.05). %2 cam fiber ile

muamele edilen örnekler, iflleme tabi tutul-

mayan ve %5 fiberle muamele edilen örnek-

lere göre önemli derecede daha kuvvetliydi.

TARTIfiMA
Bu çal›flmada akrilik rezin polimer matriks

içindeki fiber miktar›ndaki art›fl›n test örnek-

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-

mum deformation at failure were found signi-

ficantly influenced by the glass fiber percen-

tage treatments (p<0.0001) (Table II). Tukey’s

statistical test results are presented in Table

III. 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

fiekil 2: Örneklere uygulanan

yüklemenin flematik

gösterimi.

Figure 2: Schematic

representation of specimen’s

loading.

                                                           
                                                                       

                                                  
                                                        
                                      

                      

                                                                  
                                                         

                                     

                      

Tablo II: Dört farkl› ifllem

grubunun One-way ANOVA

analizi ile karfl›laflt›r›lmas›.

Table II: One-way ANOVA

analysis to compare the six

different groups of treatment.
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lerinin k›r›lma yüklerini artt›rd›¤› bulunmufl-

tur. Bu bulgu di¤er cam fiber çal›flmalar›yla

uyumludur (1-4). Tüm ifllem gruplar› içinde,

%2’ lik cam fiber ilave ifllemi en olumlu etki-

ye sahipti. Stipho (3), 1%, 2%, 5%, 10% ve

15% oranlar›nda cam fiber ilave etti¤i otopo-

limerize protetik akrilik rezin örneklerini test

etmifl ve öncelikle %1 ve hemen sonra %2 fi-

ber ilave gruplar›n›n en yüksek k›r›lma daya-

n›kl›l›¤›na sahip olduklar›n› bulmufltur.

Di¤er yandan cam fiber konsantrasyonu-

nun %2’yi geçmesi durumunda rezinin k›r›l-

ma direncinin düfltü¤ü görülmüfltür. Valittu

(2) ve Stipho (3), hem ›s› ile sertleflen hem de

otopolimerize rezinlerde akrilik rezin kar›fl›-

m›ndaki fiber oran›n›n %10’u geçmesi duru-

munda önemli boyutsal de¤ifliklikler meyda-

na gelmeyece¤ini bildirmifllerdir. Y ü k s e k

orandaki cam fiberler monomer ile kar›flt›r›l-

d›¤›nda pöröziteyi artt›racak biçimde

kümelenmeye sebep olabilmektedir. Böylece

kompozitin yap›s›nda boflluklar meydana

gelecek ve PMMA’n›n homojen yap›s›

bozulacakt›r (2). 

P M M A’n›n güçlendirilmesinde karbon

veya aramid fiberlerin kullan›m› da

düflünülebilir. Mullarky (9) ortodontik plak-

lar›n güçlendirilmesinde aramid fiberleri kul-

lanm›flt›r. Bununla birlikte bu fiberlerin kul-

lan›m› ile pla¤›n polisaj› zorlaflacak ve kötü

bir görünüm ortaya ç›kacakt›r (3,10). Cam

fiberler yüksek ›s›lara, neme ve ya¤a dayan›k-

l› olmas› ve plaklara mükemmel polisaj özel-

li¤i kazand›rmas› yönünden avantajlara

sahiptir (3). Özellikle iyi polisaj özelli¤i or-

todontik apareylerin yap›m›nda önem kazan-

maktad›r.

Devaml› formda fiberleri plaklara dahil et-

mek oldukça zordur özelikle bas›nç alt›nda

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 önem düzeyli

Tukey-B multiple range testi

sonuçlar›.

Table III: Tukey-B multiple

range test results with 5%

significant level.
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fiberler plak içinde istenildi¤i formda kal-

mamakta ve yer de¤ifltirmektedirler (2,3). Bu

çal›flmada kullan›lan küçük parçal› ve

da¤›n›k formda kullan›lan fiberler bu sorunu

ortadan kald›rm›flt›r.

Ortodontik plaklarda aran›lan bafll›ca

özellikler en ince ve en güçlü yap›da ol-

mas›d›r. Bu çal›flma düflük konsantrasyonda

da¤›n›k küçük parçal› cam fiber kullan›m›n›n

ortodontik apareylerin dayan›kl›l›¤›n› artt›r-

mada oldukça faydal› olaca¤›n› ortaya koy-

mufltur.

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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