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ABSTRACT

Purpose: The aim of this study is to investigate the influence of loading test type on the results of failure
resistance investigations of teeth restored with post and cores.

Methods: Two experimental set-ups were used to compare the failure resistance and failure mode of teeth
restored with glass fiber posts and resin core (fiber specimens) with those of teeth restored with cast post and
core (cast specimens). In the first experimental set-up, 10 fiber and 10 cast specimens underwent a fatigue
test: 2-kg load was buccolingually applied for 900,000 cycles in a wet environment, using a lever-type device.
Since specimens did not fail, an additional quasi-static bending test (static test) was performed until failure of
the post-tooth complex. In the second experimental set-up, the same number of teeth was identically prepared
and restored, but they were submitted to the static test only.

Results: Failure resistance and failure mode were separately investigated by the two testing methods. While
post type was found to significantly affect failure resistance by both testing methods (t-test, p < 0.05), post
type significantly influenced failure mode only in the fatigue test (Fisher’s exact probability test, p < 0.05).
Conclusions: If failure resistance is the outcome of interest, testing of teeth restored with posts and cores
by a quasi-static bending test alone might be sufficient to predict fracture behavior of restored teeth after an
estimated period of 3-4 years of simulated oral function. Conversely, to investigate the influence of dental
material aging on failure mode of post-restored teeth, testing under dynamic conditions in wet environment is
recommended.
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INTRODUCTION

Research work has reported that the efficiency
of chewing decreased as the natural occlusion dete-
riorated; (1) therefore, efforts to restore the natural
occlusion have been one of the priorities in den-
tistry. To accomplish this goal, new materials are
constantly introduced into the dental market, and

scientists have been continuously testing their
physical, mechanical and biological properties (2).
Among these materials, post and cores have been
used to restore severe damaged teeth throughout
many years. Scientists are constantly testing them
to enable development of improved materials and
designs that can increase the endurance of post re-
stored teeth to the oral environment. Preceding or
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complementing clinical studies, laboratory testing
plays a significant role in identifying many promis-
ing materials, for which in-vitro properties have
been closely correlated with clinical performance.
(3) Such studies have determined that most of the
technical failures in fixed prosthodontics are caused
by fatigue fractures. (4)

Fatigue is a mode of fracture whereby a struc-
ture eventually fails after being repeatedly subject-
ed to loads that are so small that one application
apparently does nothing detrimental to the compo-
nent. (5)Moreover, fatigue failure has been ex-
plained by the development of microscopic cracks
in areas of stress concentration, and with continued
loading, these cracks fuse to an ever-growing fis-
sure that insidiously weakens the restoration; cata-
strophic failures results from a final loading cycle
that exceeds the mechanical capacity of the remain-
ing sound portion of the material. (5)

To investigate the resistance of different pros-
thetic materials (post and cores included) to various
factors that can lead to mechanical failure, speci-
mens are subjected to specific tests. In the case of
fatigue studies, a cyclic loading test is applied:
specimens are subjected to repeated loading cycles
in a machine that emulates mastication movements.
This simulates the effect of occlusion and articula-
tion contacts, which gradually cause strength re-
duction of the materials (fatigue) (6). Thus, re-
searchers are faced with the challenge of predicting
the “fatigue life time” (defined as the total number
of cycles to failure under specific loading condi-
tions) of specimens as a first step towards making
more accurate predictions and estimates of clinical
longevity. (7)

In fatigue studies (8) (9) (10), testing specimens
until failure is important to facilitate direct com-
parison of the damage response of specimens under
cyclic loading, providing more reliable and consis-
tent data for comparison with the clinical situation.
(7) (11) (12) However in many post and core ex-
periments, in which this method has been em-
ployed, few (6) (13) (14) or no failures (15) (8)
could be recorded at the end of the tests. In such
circumstances, to achieve fractures, quasi-static
bending test was applied as a complement of the
fatigue test (combination of fatigue and quasi-static
bending test).(16)

Nevertheless, fatigue testing is time and re-
source-consuming (6) and thus, quasi-static bend-
ing test is sometimes used independently, as an al-
ternative to fatigue test (7) (17). In quasi-static
bending tests, an increasing load is applied on a
specimen until failure occurs; this process is sim-

ple, does not need sophisticated equipment, is less
time consuming and, therefore, less expensive. (7)
For this reason, when applications of new materials
or techniques are tested in vitro, there is a tendency
among researchers to rather use quasi-static tests
than fatigue tests. (9) (10) (12) (17) (18) (19) (20)

However, it is not clear whether material behav-
ior under cyclic loading and quasi-static tests are
equivalent. Particularly, fatigue fracture is a serious
complication in teeth restored with posts and cores.
Manufacturers are continuously developing new
posts, claiming these can reduce the risk of tooth
fractures as compared with traditional posts, but
this has to be appropriately tested. Therefore, the
aim of this paper is to study the influence of the
loading test type on the results of failure resistance
investigations of teeth restored with post and
cores.

MATERIALS AND METHODS

For this study, two different experimental set-
ups were used to compare failure resistance and
failure mode of 2 post and core types. The results
obtained by each experimental method were then
compared with each other.

1) First experimental set-up: Cyclic loading fatigue
test followed by quasi-static bending test

Tooth Conditions: Extracted single-canal-root-
ed premolars were disinfected with 6% sodium hy-
pochlorite solution (Purelox, OYALOX Co., To-
kyo, Japan) for one hour. The selection of 20 teeth
that were intact, free of caries, cracks or stains and
had one root and one canal only was done under the
stereomicroscope. All teeth were stored in isotonic
saline solution before and after each experimental
procedure.

After selection, each tooth was de-coronated
with a diamond bur (#104 SHOFU Kyoto, Japan) at
the most apical level of the cemento-enamel junc-
tion. The root section was flattened with a carbo-
rundum disk (Carborundum point CA 27, SHOFU),
to obtain a surface perpendicular to the longitudinal
tooth axis. Then teeth were endodontically treated
as shown elsewhere. (16)

According to their mesio-distal, bucal-lingual,
and apico-cervical dimensions as measured by a
digital caliper, the teeth were divided in 2 groups of
similar dimensions. To confirm the allotment of
similarly-dimensioned teeth in both groups, a t-test
was performed by a commercial computer program
(SigmaStat 2.0.3, SPSS, Chicago, IL, USA). The
mean dimensions and standard deviations (%) in the
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group of teeth selected to receive fiber posts and
resin cores were: 5.11 (£ 0.51) mm mesio-distally,
7.82 (£ 0.68) mm bucco-lingually, and 14.29 (+
1.43) mm in root length. In the group of teeth se-
lected to receive cast posts and cores, the mean di-
mensions and standard deviations (£) were: 5.19 (%
0.43) mm mesio-distally, 7.75 (£ 0.73) mm bucco-
lingually, and 14.25 (+ 1.05) mm in root length. For
each dimension, the t-test showed no significant
difference between the groups.

Tooth preparation: To receive posts of 8 mm
length, all canals were prepared using Peeso ream-
ers #1 through #3 (MANI Inc.) with water spray
cooling; then tapered reamers #1 and #2 (RTP
Reamers, Dentech, Tokyo, Japan) were used. There-
after, a key way type anti-rotational groove was
prepared with a diamond bur (Diamond Point FG,
#202, SHOFU Inc.); and the cervical walls were
flared using a conical carborundum point (Carbo-
rundum point # 27, SHOFU) to simulate prepara-
tions required in large caries destructions. The me-
siodistal width of the remaining tooth structure in
the mesial and distal cervical areas was set at | mm
on each side. (FIGURE la)

Stone dies: Impressions were taken with putty and
injection type of vinyl polysiloxane impression mate-
rial (Imprinsis, Tokuyama Dental Co., Tokyo, Japan),
using the indirect method. The stone dies were made
with extra hard dental stone (Fuji rock, GC Co.).

Post and core restorations: Two types of post and
core were used to create fiber and cast specimens.

For fiber specimens, glass fiber-reinforced
composite resin posts (FibreKor, Jeneric/Pentron
Inc. Wallingford, CT, USA) of 1.25-mm diameter
were selected. To fit the gap between post and den-
tine in the tapered area of the prepared roots and to
build up the core, glass fiber-reinforced core build-
up material (Build-it, Jeneric/Pentron Inc.) was
used, following manufacturer’s instructions. Build-
up caps for premolars (Build-it! Core Forms size 3,
Jeneric/Pentron Inc.) were used to standardize core
dimensions (FIGURE 1b).

For cast specimens, wax patterns of dowels and
cores were shaped on the stone dies For core shap-
ing, the same type of build-up caps for premolars,
was used to standardize core dimensions. After in-
vesting and wax burnout, the mold was cast with a
dental alloy that consisted primarily of 46% Ag, 20%
Pd, 20% Cu and 12% Au (Castwell M.C., GC Co.).

Cementation: Before cementation, all posts and
cores were air-particle abraded with a 50pum alumi-
num oxide abrasive powder and a bonding agent
(Bond one, Jeneric/Pentron Inc.) was applied on
the surfaces to be cemented, following manufacturer

instructions. In addition in the cast specimens, an al-
loy primer (Alloy primer, Kuraray Medical Inc, Osa-
ka, Japan) was applied before the bonding agent ap-
plication. In all the specimens, the dentine surfaces
to be cemented were etched with phosphoric acid
etching agent (K-etchant Gel, Kuraray Medical Inc.,
Tokyo, Japan) and the same bonding agent was ap-
plied. Cementation was performed with resin cement
(Universal C&B: Cement-it, Jeneric/Pentron Inc.),
following the manufacture’s instructions. (FIGURE
Ic). Thereafter, each tooth was kept in saturated hu-
midity at an average temperature of 37°C, using a
hotting bath (Magnetic stirrer, TOYO Chemical
Laboratories Inc, Tokyo, Japan).

Resin block embedment: In all specimens, to
simulate the periodontal ligament behavior under
load, specimen root surfaces were covered with a
cellophane tape (scotch tape) 2 mm below the tooth-
core junction and adjusted to perfectly fit; dental
cyanon (Dental cyanon, Koatsu Gas Kogyou Co.,
Chiba, Japan) was used to enhance the adhesion to
dentine. Using a surveyor, each specimen was then
embedded in a resin block with the long axis of the
root parallel to the block’s walls, following a method
described elsewhere (16) (21). (FIGURE 1 d).

FIGURE 1. Specimen dimensions (mm) showed on a
fiber specimen. (The same dimensions were set for the
cast specimens): a) Root canal preparation; b) Post and
core preparation; c) Post and core cementation; d)
Resin block embedment.
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Cyclic loading: Each specimen was mounted
into a custom made second class lever-type cyclic
testing machine (21). The humid oral environment
was simulated by using a strip of gauze set around
the tooth-core junction with the end tips introduced
into a recipient filled with water. Serrated-type cy-
clic loading between 0 and 2 Kg (19,62 N) was ap-
plied to the buccal surface of the core 4 mm from
the tooth-core junction and perpendicular to the
specimen axis. A 2.1-mm diameter zirconium ball
(Fritsch Labor System, Yokohama, Japan) was used
as indenter, to directly contact the core during force
application. The load was applied at a rate of 80
strokes per minute; a target of 900,000 cycles was
defined. The machine was equipped with 2 types of
shutoff sensors to automatically discontinue load-
ing in case of specimen failure; however, if a speci-
men reached the target without failure, a quasi-stat-
ic bending test was performed thereafter.

Quasi-static bending test set-up: Specimens
were placed in an Instron type testing machine
(AG-1000E, Shimadzu, Kyoto, Japan) and a load
was applied at a crosshead speed of 1 mm/min, in
the same direction and at the same location as in the
mechanical cycling, until the first sign of specimen
failure was recorded. The failure mode was defined
from both the force-deflection curve and specimen
appearance at the in-situ visual inspection; a small,
gradual drop-down in the force curve and the pres-
ence of a gap between core and root was defined as
debonding. When no gradual drop occurred and no
visual gap was apparent, the force was almost lin-
early increased until a considerable, sharp drop
down of the force-deflection curve could be depict-
ed. This corresponded always to a visible fracture
of the root and in this case the failure mode was
defined as “root fracture”. Then, the roots were cut
out of the embedment resin and the specimens were
inspected by a stereomicroscope, to check for any
other damage of the tooth or restoration. Thus,
specimen mode of failure was classified as either
debonding (without root fracture) or root fracture.

Statistical analysis of the experimental data:
The failure resistance and failure mode data of the
2 groups were analyzed statistically by the t-test
and Fisher’s exact probability test, respectively (p
< 0.05). The statistical analyses were performed us-
ing the above-mentioned commercial computer
program (SigmaStat 2.03, SPSS).

2) Second experimental set-up: Quasi-static
bending test only

For this experimental set-up, other 20 lower
premolars were selected and measured as in the

first experimental set-up. Thereafter, the teeth were
divided in 2 groups of similar dimensions and a t-
test was performed by the same commercial com-
puter program, to confirm the equal distribution of
the specimens in both groups. The mean dimen-
sions and standard deviations (+) of the teeth in the
group selected to receive fiber posts and resin cores
were: 4.74 (£ 0.35) mm mesio-ditally, 6.93 (£ 0.48)
mm bucco-lingually, and 13.90 (£ 1.55) mm in root
length. For the teeth in the group selected to receive
cast posts and cores, the mean dimensions and stan-
dard deviations () were 4.71 (£ 0.29) mm mesio-
ditally, 6.83 (£ 0.35) mm bucco-lingually, and 14.03
(£ 1.46) mm in root length. For each dimension, the
t-test showed no significant difference between the
groups.

The materials and methods used for the prepara-
tion of the fiber and cast specimens and their em-
bedment into resin blocks were performed accord-
ing to the same experimental protocol as in the first
experimental set-up. However, the embedded spec-
imens were not submitted to the cyclic loading; and
thus, their failure resistance and failure mode were
investigated only by the quasi-static bending test.
Statistical analyses of the experimental data were
performed using the same tests and computer pro-
gram as for the first experimental set-up.

a b

FIGURE 2. Testing methods: a) Specimen in the cycling
loading test in wet environment (first experimental set-
up); b) Specimen in the bending test (both experimental
set-ups).

RESULTS
1) First experimental set-up:

In the cyclic loading test, all the specimens sur-
vived the targeted number of cycles; therefore they
were afterwards subjected to the quasi-static loading
until failure. The failure resistance (load-to failure)
means and standard deviations are shown in TABLE
1. After the normal and homogeneous distribution of
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the data was confirmed, the 2 groups (fiber and cast
specimens) were analyzed statistically by the t-test.
Failure resistance showed a statistical difference
between the groups (p<0.05) (TABLE 1) with high-
er values in the cast specimens. Concerning the
mode of failure, cast specimens failed by signifi-
cantly more root fractures (FIGURE 3a) than the
fiber specimens (9 versus 3 specimens), (Fisher’s
exact test: p=0.02). In the rest of the specimens (1
cast and 7 fiber specimens), only debonding (FIG-
URE 3b) was recorded.

2) Second experimental set-up:

The failure resistance (load-to failure) means
and standard deviations are shown in TABLE 1.
The data was distributed normally and homoge-
neously, so the t-test was performed. Significantly
higher failure resistance was found in the cast than
in the fiber specimens (p<0.05). However, in this
experimental set-up, no significant difference
(Fisher’s exact test: p=1.00) could be found in the
mode of failure: 8 root fractures (FIGURE 3a) in
the cast versus 7 fractures in the fiber specimens. In
the rest of the specimens (2 cast and 3 fiber speci-
mens) only debonding (FIGURE 3b) was record-
ed.

First Second
n Experimental Experimental
set-up set-up
Fiber 10 | 18.44 (9.78) 19.27 (6.34)
specimens ) ) ’ ’
Cast
specimens 10 30.32 (11.67) 27.96 (10.29)
df 18 18
t value -2.47 -2.27
P value 0.02 0.04

TABLE 1. Mean failure resistance in kgf (standard
deviation) and the results of the t-test (degrees of
freedom (df), t and P values)

DISCUSSION

The effect of post type (cast or glass-fiber rein-
forced) on failure resistance and failure mode of
restored teeth has been investigated and discussed
elsewhere (16); therefore, the discussion will be
mainly focused on the similarities and differences
found in failure resistance and failure mode by the
two experimental set-ups.

In the oral cavity, the restoration ‘“material-
bond-tooth” structure is susceptible to chemical,
thermal and mechanical influences (22). Out of

FIGURE 3. Failure mode (Schematic representation and
zoomed-up pictures): a) Tooth fracture (arrowheads
show the fracture line); b) Post and core debonding
(arrowheads show the gap caused by debonding).

these, high loads that may develop during mastica-
tion, swallowing, or parafunctions (such as clench-
ing and bruxism), are expected to have the highest
damaging effect on the restored teeth; therefore, in
the present study, increasing loads were applied in
a quasi-static bending test in both experimental set-
ups. Furthermore, the abovementioned external de-
mands on the oral environment, cause cyclic stress
patterns in teeth and restorations. This is referred to
as “cyclic loading”. In combination with other fac-
tors such as thermal and chemical influences, cyclic
mechanical loading causes a large proportion of
dental restoration failures (7). Thus, in the first ex-
perimental set-up, before the bending test, a fatigue
test was performed to simulate the effect of about
3-4 years of mastication (10) (23) (24). The rate of
the cycles (80 cycles/ min, that is 1.33 Hz) and the
duration of actual loading during each cycle (0.3 s)
were set according to the equivalent physiological
parameters that have been reportedly measured
during mastication. (25) (26)

Regarding force direction, it has been reported
that, in vivo, the loading angle in the frontal plane is
approximately 32.5° when the load magnitude is at
maximum. (7) However, many in vitro experiments,
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including the present experimental set-ups, use a
force perpendicular to the long axis of the endodon-
tic post (17). The 90 degree angle of incidence be-
tween the compressive head and the long axis of
the tooth specimen was chosen to simulate the
worst case scenario of force application to a resto-
ration (17), and because the specifications for mas-
ticatory testing reportedly consisted of emulated
mouth motion at 90° of loading angle (22). In the
first experimental set-up, the magnitude of the force
during cyclic loading was 2 kgf, which is the upper
value of the range reported for the lateral force
peaks on molars (27). Thus, the mechanical loading
protocol set for this study slightly challenged the
restored tooth, while still being within the physio-
logical range.

During mechanical testing of teeth, beside the
applied loads, tooth constraints need also careful
consideration, since they will determine the reac-
tion to those forces. In vivo, the presence of the
periodontal ligament with its receptors plays a de-
cisive role in controlling the force level by displace-
ment of the teeth during mastication. (28) In vitro,
to reproduce the function of the periodontal liga-
ment, several methods have been suggested. (22)
(16) Out of these, the use of cellophane tape
wrapped around the tooth root (as in the present
study) has been shown to allow a tooth deflection
(16) that is similar to that reported in vivo. (29)
Similar to other studies, (30) in an attempt to rough-
ly simulate bone, specimens of both experimental
set-ups were embedded in an autopolymerizing
acrylic resin (modulus of elasticity of approximate-
ly 2.4 GPa, (31) which is similar to the average
stiffness of cancellous bone. (32)

Mechanical fatigue tests conducted in a humid
environment are considered methodologies with
high predictability for the clinical performance of
different materials and restorative techniques. (15)
Therefore, in the first experimental set-up, the cy-
clic loading was performed in a humid environ-
ment, to simulate the long-term effect of saliva’s
major component (water) on the restorations. The
luting agent used for all the specimens is a resin ce-
ment; furthermore, the glass-fiber reinforced posts
and the core resin in the fiber specimens also in-
clude composite resin polymers, all of which, as an
effect of aging, can become sensitive to the pres-
ence of water. (33) Water can act chemically at
crack tips to decrease the strength of glasses, ce-
ramics and composites. (34) Indeed, in the present
study, the mechanical cycling in wet environment
increased the contact time of the bonding interface

with water, thus increasing the likelihood of debond-
ing. This can explain why significantly more fre-
quent debonding without root fracture were found
in the fiber than in the cast specimens by the first
experimental set-up, but no significant difference
could be found by the second experimental set-up.
Therefore, if failure mode of a post-and-core sys-
tem is the parameter of interest, the selection of the
test method should be carefully considered, since
different results may be expected in the presence or
absence of prolonged cyclic loading in humid envi-
ronment. To investigate the influence of dental ma-
terial aging on failure mode of post-restored teeth,
testing under dynamic conditions in wet environ-
ment is recommended.

Conversely, regardless of experimental set-up,
fracture resistance was found to be significantly
higher in the cast than the fiber specimens. There-
fore, if fracture resistance is the output of interest, a
quasi-static bending test alone might be sufficient;
its results could be extrapolated to predict fracture
behavior after an estimated period of 3-4 years of
simulated oral function. However, for longer time
span predictions, further studies with fatigue tests
of more prolonged cyclic loading are needed.

The results of this study also shade a new light
on the way the reader of scientific literature should
look at results of laboratory tests of post-restored
teeth: Particularly, if failure mode of those teeth is
the topic of interest, along with the test results, the
test methods and testing conditions should be also
carefully considered, to enable an appropriate ex-
trapolation to clinical settings. This is also valid for
advertised properties of new dental materials, as
claimed in a recent trend of re-thinking the reliabil-
ity and validity in dental material testing. (3)

CONCLUSIONS

If failure resistance is the outcome of interest,
testing of teeth restored with posts and cores by a
quasi-static bending test alone might be sufficient
to predict fracture behavior of restored teeth after
an estimated period of 3-4 years of simulated oral
function. Conversely, to investigate the influence of
dental material aging on failure mode of post-
restored teeth, testing under dynamic conditions in
wet environment is recommended.
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