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Fatigue Crack Propagation in Composite Resins

Fumio TAKESHIGE

Department of Operative Dentistry
Osaka University Faculty of Dentistry
(Chief: Prof. Yasuhiko TSUCHITANI)

1-8, Yamadaoka, Suita, Osaka 565, Japan



Although composite resins are now used for
posterior restorations because of their
aesthetics, adhesion to natural tooth structure,
and reéent advancements in mechanical properties,
the inferior durability of these materials has
limited more widespread use of then. In recent
years, there have been numerous studies on
fatigue, wear, chip fractures and brittle fracture
for dental composites by use of fracture
mechanics. These studies have suggested that
fatigue crack growth from a flaw played an
important role in wear and fracture process of
dental composites. However, fatigue crack growth
testing of dental composites using standard test
methods and specimens, such as specified by ASTM
E-647-91, has not been carried out because of
their brittleness.

In the present study, fatigue crack propagation
was investigated for three commercial light-cured
composites and three experimental light-cured
unfilled resins using standard test methods and
standard compact-type specimens (ASTM E 647-91)
under the <control of K-value with electro-
hydraulic fatigque testing machine (EHF-FDO1,
Shimadzu) . Then scanning electron microscope (SEM)
was used to examine the fatique fracture surfaces.

In addition, the each effect of aging in 37C



water for three months and post curing by heating
(100C for 15 minutes) on fatiqgue crack growth
‘rate was investigated. The fatigue crack growth
rate (da/dN) under cyclic loading (frequency
10Hz, road ratio R=0.2) was obtained as a function
of the stress intensity factor range (AK) , and
then a fatigue crack growth threshold (AK .») was
determined according to ASTM E 647-91.

The results obtained were as follows:

1. The Paris law ( da/dN=C (4K )™) could be
applied to the fatigue crack growth rate of the
materials used in this study. Constant m was in
the range of 24.3~32.2 for composite resins and
19.7~22.8 for unfilled resins. The AK ,, was in
the range of 0.43~0.82 MPa-m!“ 2 for composite
resins and 0.20~0.22 MPa.m!~? for unfilled resins.
Constant m of dental composites was extremely
higher than that of metal (m=2~7), but did not
differ very much from each other. The fatigue
crack growth rate of dental composites depended on
8K .+ rather than constant m.

2. Microstructural examination of fatigue
fracture surfaces by SEM indicated that .the
fatigue <crack of dental composites propagated
along the interface between inorganic filler and
matrix, and that some organic fillers were

pPenetrated with fatigue cracks.



3. Fatigue crack growth rate was more sensitive
to degradation of composites by aging in water
than transverse strength.

4. The fatigue resistance of composites
measured as AK ,, decreased by aging in water. SEM
observation showed that fatigue crack propagated
in both matrix and filler-matrix interface after
aging in water for three months.

5. Post-curing by heating had no effects on the
fatigue crack growth rate of light-cured
composites.

These results indicated that crack deflection
and crack bridging by inorganic filler increased
the fatigue resistance of composites, and that
decrease of fatigue resistance by aging in water
was caused by the degradation of resin matrix.
From the present study, it was shown that the
fatigue crack propagation test was an effective
method to investigate toughening and degradation
of dental composites.

(Request original article reprints to

Dr .TAKESHIGE)
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Material Code Lot No. Manufacturer
Clearfil Photo Posterior CcPP 0016D Kuraray
Clearfil CR Inlay" CRI 11234 ‘Kuraray
PhotoClearfil Bright : BRT 0009C Kuraray
CPP without filler CPP(-) . * Kuraray
CRI without filler CRI(-) * Kuraray
unfilled resin UFR * *

(Bis-GMA:TEGDMA=3:1)




x2 BIEERRRIBMME (da/dN=C (AK) ™) ® C, m, LK.,

C m AK :n (MPa-m'”72)
unfilled resin 5.3 x 10° 19. 7 0. 21
BRT 5.2 X 102 24. 3 0. 43
CPP 8.3 x 10°° 32.2 0. 82
CPP 17 BAPRE 6.4 x 1072 38.0 0. 79
CPP 27 HKRRE 3.2 x 10°° 35.2 ~0.73
CPP 31 BKAB{RE 3.1 x 1072 36.5 0. 71
CPP(-) 8.1 x 10® 21.0 0. 20
CPP(-)35 BAKHHEE 8.2 x 1028 40. 2 0. 14
CRI JESNZL 7.0°x 10°° 31.3 0. 82
CRI 100°C 154 %k 7.5 x 10°° 31.8 0. 82
CRI(-)FE N % 9.4 x 108 22. 8 0.22
CRI(-)100°C 155 /m#& 5.5 x 10° - 20. 9 0. 26
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