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[Abstract]

This study evaluated the effect of concentration of glass fiber reinforcement on the flexural properties of auto and
heat polymerized denture base resin.

The test specimens(64 x 10 x3.3nm) were made of auto and heat polymerized resin(Vertex, Dentimax,
Netherlands). Glass fiber(ER 270FW, Hankuk Fiber Glass, Korea) were used to reinforce the denture base resin.
The 2.6%, 5.3% and 7.9% volume pre-impregnated fiber were located at the bottom of specimen. The test
specimens(n=7) of each group were stored in distilled water at 37°C for 50 hours before test. The flexural strength
and modulus were measured by an universal testing machine(Z020, Zwick, Germany) at a crosshead speed of 5
mm/min in a three-point bending mode. The data was analyzed by one-way ANOVA and the Duncan’s multiple
range test(«=0.05). The difference of auto polymerized resin groups and heat polymerized resin groups were
statistically analyzed by t-test(a=0.05).

Glass fiber showed significant reinforcing effects on auto and heat polymerized resin. For flexural strength and
modulus, auto polymerized resin was the highest in 7.9% volume, while heat polymerized resin was the highest in
5.3% volume.

In this study, glass fiber at 7.9% volume ratio showed most effective reinforcing effect on auto polymerized resin
and glass fiber at 5.3% volume ratio showed most effective reinforcing effect on heat polymerized resin in terms of
flexural strength and flexural modulus.
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Table 1 Glass fiber used in the study

. Diameter Density Elengatien
Fimer Brand name Manufacturer G (@/cr) (%)
Glass ER o7opw  Hankuk Fiber Co, LTD, 57 4 a1 221+ 002 395 + 073

Milyang, Korea
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Fig. 2 Flexural strengths of denture base resins with
reinforced fibers of 2.6%, 5.3% and 7.9% volume.
The same letters were not significantly different by
one way ANOVA at a=0.05. Significantly different by
t-test
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Fig. 3 Flexural modulus of denture base resins with
reinforced fibers of 2.6%, 5.3% and 7.9% volume.
The same letters were not significantly different by
one way ANOVA at ¢=0.05. Significantly different by
ttest

Fhasu sl modulus|SFa)

V.o

A7k Rz e izl w8 ARE 2.6%,
5.3%, 7.9% Fau|g 7kste] X448 Hxs 7
aIH 0 & 7FetA7)E 24e Hrtstaa) skt

A EEFE A 15672(IS0 1567: 1999)0l14 715
o H A9 E97EE 60MPa o4, €53 Hxe
65MPa ololn], EXAlsE= A7 glxlo] 1.5GPa
oA}, AF3 X 2GPa oJAe & st k. A
AN F] ARSI AT dxla @59 g7
R FAEEA A 156759 24 =} =4S
WEAIZ T, B fE] ARE WK BE ALY =2
FAE, AL 2ol vl f24d A =ok
2] AH7F A7 dixla 45 A% At avkrt
e AR Ut A7 g1 A9 2 A



2 Aol Artel e A 9 AER RS AR Aeka)

o] BulH|Z 2.6%, 5.3%, 7.9%% 770l uke} 2
BEet AT ALHOR FTeke S Ko
7.9% FuulolA 7V =2 Aotais Hion, gz
THT} 175% S718F3ict ¥hd, 53 HxloA= 2.6%
oAl 5.3%°] FaH|Z f2] AR5 ST wet =
AEolt S3A7E STkl ey Fuju] 7.9%00 A=
ot FAS Yehlth A dixlE 953t
4wt FIATE AF R = e
TH] 7,9%00 = AT 4R 234 Ee) =
7 45 diET =4 Ykt Vallitu(1999)
NN A7kt Azl et Hixlo] ek
Ad7rste] =257 g3 A} A7kt g7l

o] FHAETF Y AET EA Uehytchar Bast
e}, 1eu %*741* A5 7o) A7kEst el
Hlel A e 2 A9} v A Bl

2 AR el X*éi’d MR A S
oF A, Adaet gixlatolell 7|27} AYE)
EdA RS w7t 8]d ofgtE]= 285 5
H% 3 Qltk(Solnit, 1991; Vallittu, 1998). & A oj
e A6 TS 2.6%, 5.3%, 7.9%% Z7HAZ o,
Aool Ao Alolof EelE 4 Q= 7|ZE 7FAA]F]Y)
AL, AR st Gix1e] Ags S7HA1717] fls A

£ Aol 97 A FA 4 HReR vg] HAe

JI‘J

N

JH

T

N

™ d
1o

1~>

—IE

’

Zl

o o Mk &
%4>

Jo
il

TE =X
===

[*]

|

[‘_VEO

[e)
2 4

AR

)
ot o

l‘l[‘ o

[e]
T 0
e

o

¥ skt

MRS Yo Hgste] QXARE Aol Bk
A A Stk BT H9E ABHOE N9 F A
Asharg} sk AL FAL G102 vle HAH AG
= EﬂXJOﬂ %H 14%7] whe] %59 dough

ol
9o 7P°H7\l71 ool d
HEoA FHS(neutral axis)E FHOE S
WA El= shel] el AgE 4= e AeE YA
AA ZFBA7IH, 7 ol A 22 AR8-st
A Eo] dofuf= 7|2 Aol oJgh o)x] 2] uHd-E WA
Aoz M7rET) duAd oz x|Ho| sht

)\1\
I A SimoR 49s Wt 2T4wEE 240

s
=
J
oo
T
o

S o)
o 4=

2

A3t A Ee shde] HARE YRS W= 100.04+
6.18MPa, sPgollA 0.5mm $1oll $IAAIZ] 749 92.80+
0.98MPa, aFgollA] 1.0mm ol AIAIZ] 79 89.13+
5.06MPa, 8} of| Al 1.5mm floll $IXAIZ] 7% 86.57+
1.45MPad] =S Hol A|H 9| shtoA HA 9Bo=
< 7H£7P L*omh O 7 Uit

0

o,

= [e]

2 HEAA AL FRle FstavE vud Hav)
ARt T3 o w2 ARE HUeE A RS A
o] st o g 4= Q17| wi&o] Fuju] 7.9%0]4F
o] fg] A8 Hrhste] 7 a1kl A3lants Kol
= S 2S 197 Qlok

2 AFoA= F2 S ket A gixla d
=5 YA 5 Aelays 2o E3| AU
& 7.9% Fujy] 59 Eﬂ&% 5.3% HujH|2 92
ARE AR AS 7P =2 EmEal ol oA
A8 Al 2Jx]9] ulHo] %01%71 1 Aot A EY 5t
oF Ao f2] A& vlEl H7HIA ARBEAY, A
o] Al IR E o 2] -5 H7Isithd o)A Bt
B U o2 Az
v.d B

£ A7 AT dAE AT 25T A
EﬂX o 2.6%, 5.3%, 7.9% 59|82 2] H4-2 H7ket
5 33 ZIAFELS B 2R ZRA S =H5)t

of thaat 22 27E Ediek

[m
-

2. FREE A7 YKol A Falv] 7.9%, 5%
Y o= 2.6%2}t 5.3% FHuH|2 58] A4 %

H31H M42 20093 41



e
o
3
re

7HiE =7 WEReeH(P<0.05).

3. =25 AT AVEE R oA Fuju] 5. 3%}
7.9%, 8% XM= 5.3% Fo8| = o A
£ 7S ] A WERdthP0.05).

4, L%

njulo]q 2RAES wlast A7 S
5.3%014 8% dxlo] X7t Aol uja) o]

3171 %71 LreReHP<0,05)

5. EUT Fulolq 22 HlaL
SOl A7 ool A5 A
57 3271 HERATH(P0.05),

At 7.9%
o w3 2]

® A7) A el Ma

L A A

Zl

ﬂ AER AR ] Astel HF At Qe A

2 e 53] A7 dlRlelA Fuj] 7.9%, &

T IRl 5.3% FuH|= fEldE A7

RS ZaA Holld 7 Akl Aes #Y
S .

o2

o

HO

o

338, A, wiAT. RS ER A 7R A
9 ol wE Aekayt. dix 714 ee]A,
36: 17-24, 2009,

Az}, A ety o], A5, dAE
AL A2 125-131, 2008,

Bae JM, Kim KN, Hattori M, Hasegawa K, Yoshinari
M, Kawada E, OdaY. The flexural properties
of fiber—reinforced composite with light—
polymerized polymer matrix. Int J Prothodont,
14: 33—-39, 2001.

Bae JM, Kim KN, Hattori M, Hasegawa K,
Yoshinari M, Kawada E, Oda Y. Fatigue
strengths of particulate filler composites
reinforced with fibers, Dent Mater J, 23: 166—

42 coigtx|ahoiz oty K|

174, 2004,

Dentistry — Denture Base Polymers. International
Standard Organisation. ISO 1567: 1999(E),
ISO, Geneva, 1999.

Dyer SR, Lassila LVJ, Jokinen M, Vallittu PK,
Effect of fiber position and orientation on
fracture load of fiber—reinforced composite.
Dental Mater, 20: 947-955, 2004,

Ekstrand K, Ruyter IE, Wellendorf H. Carbon/
graphite fiber reinforced poly(methyl methacrylate):
properties under dry and wet conditions. J
Biomed Mater Res, 21: 1065-1080, 1987,

Garoushi S, Vallittu PK, Lassila LVJ. Fracture
resistance of short, randomly oriented, glass
fiber—reinforced composite premolar crowns.
Acta Biomater, 3: 779784, 2007,

Kanie T, Fujii K, Arikawa H, Inoue K. Flexural
properties and impact strength of denture
base polymer reinforced with woven glass
fibers. Dent Mater, 16: 150—158, 2000,

Karacaer O, Polat Tn, Tezvergil A, Lassila LV,
Vallittu PK. The effect of length and concentration
of glass fibers on the mechanical properties of
an injection— and a compression—molded
denture base polymer. J Prosthet Dent, 90:
385—393, 2003.

Materials science and engineering: an introduction,
Callister WD. 7th ed, John Wily & Son, Asia,
595—607, 2007.

Nagai E, Otani K, Satoh Y, Suzuki S. Repair of
denture base resin using woven metal and
glass fiber: effect of methylene chloride
pretreatment. J Prosthet Dent, 85: 496—500,
2001.

Polyzois GL, Andreopoulos AG, Lagouvardos PE.
Acrylic resin denture repair with adhesive
resin and metal wires: effects on strength

parameters. J Prosthet Dent, 75: 381-387,



2 Aol Artel e A 9 AER RS AR Aeka)

1996.

Polyzois GL, Tarantili PA, Frangou MdJ. Andreopoulos
AG. Fracure force, deflection at fracture, and
toughness of repaired denture resin subjected
to microwave polymerization or reinforced
with wire or glass fiber. J Prosthet Dent,
86:613-619, 2001,

Solnit GS. The effect of methyl methacrylate
reinforcement with silane—treated and untreated
glass fibers. J Prosthet Dent, 66: 310—304,
1991,

Stipho HD. Effect of glass fiber reinforcement on
some mechanical properties of autopolymerizing
polymethyl methacrylate. J Prosthet Dent,
79: 580—-584, 1998.

Tagaki K, Fujimatsu H, Usami H, Ogasawara S.
Adhesion between high strength and high
modulus polyethylene fibers by use of
polyethylene gel as an adhesive. J Adhesion
Sci Technol, 10: 869—882, 1996,

Tanimoto Y, Nishiwaki, T, Nemoto K. Numerical
failure analysis of glass—fiber —reinforced
composites. J Biomed Mater Res A, 68: 107-
113, 2004.

Uzun G, Hersek N, Tincer T. Effect of five woven
fiber reinforcements on the impact and
transverse strength of a denture base resin. J
Prosthet Dent, 81: 616—20, 1999,

Vallittu PK. Comparison of two different silane
compounds used for improving adhesion
between fibres and acrylic denture base
material. J Oral Rehabil, 20: 533—539, 1993,

Vallittu PK. Comparison of the in vitro fatigue
resistance of an acrylic resin removable
partial denture reinforced with continuous
glass fibers or metal wires. J Prosthet Dent,
50 115-121, 1996.

Vallittu PK. Some aspects of the tensile strength of

unidirectional glass fiber polymethyl
methacrylate composite used in dentures. J
Oral Rehabil, 25: 100—105, 1998,

Vallittu PK. Flexural properties of acrylic polymers
reinforced with unidirectional and woven
glass fibers. J Prosthet Dent, 81: 318-326,
1999.

Vallittu PK, Narva K. Impact strength of a modified
continuous glass fiber—poly(methyl methacrylate),
Int J Prosthodont, 10: 142-148, 1997,

H31H M4 20093 43



