


Figure 28 — SEM — Radica — Noncycled
(a) 50x magnification
(b) 250x magnification
(c) 500x magnification
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Figure 29 — SEM — Radica — Cycled
(a) 50x magnification
(b) 250x magnification
(c) 500x magnification
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CHAPTER V
DISCUSSION

Pilot Study

The pilot study was completed in order to determine the experiment’s fegsibilit
test the experimental design and help determine sample size for the maimerper
Some changes for the main experiment were implemented with the informatioredbta

from the pilot study.

Sample Size

From the pilot study, it was determined that a one-way ANOVA could be used to
provide statistical analysis and the “Noncycled” group required a samelefdizur in
each group so that a 97% power detected a 0.05 difference in means characterized by a
variance of 1785.51 (assuming the standard deviation was 35.00 to determine statistical
significance). The “Cycled” group required similar sample size so thevagcANOVA
had a 99% power to detect at the 0.05 level a difference in means characterized by a
variance of 1388.21 (assuming that the common standard deviation was 25.00).
Following the one-way ANOVA, a post-hoc comparison for each loading condition was
used. In order to obtain the power for the specific contrast, a power of 80% or above
required 20 specimens in each group to detect the differences betweenup® (@or
example, Protemp vs. Vita CC; Protemp vs. Caulk, etc.).

From this statistical information, the final experimental design wasnoeed with
20 specimens per group. It was also determined that one group, Luxatemp Fluorescence
would be dropped from the final experiment in order to simplify the time and resources

needed.
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Experimental Design

The experiment was designed to simulate a typical clinical situation fateam
fixed prosthetic material. The number of cycles a specimen was subeuiad t
determined using the assumption that a definitive dental prosthesis will underg8 ®x 10
10" load cycles in a 5-15 year lifetime (Bates et al 1976, Wiskott et al 1994).clihgra
from these numbers for a definitive prosthesis, 20,000 load cycles was calculated to be
equivalent to a functional life expectancy of 2-4 weeks for an interim fixed pststhe

The frequency used to test the specimens under simulated function was 3 Hz.
According to some authors, the chewing frequency in human is about 1.25 to 2 Hz
(Carlsson 1974, Neill and Howell1988). Hargreaves (1983) studied flexural fatigue
testing of 65 x 10 x 1.55 mm bars of denture acrylic and believed that frequencies should
not exceed 2 Hz in order to “minimize hysteresial of the specimens.” Howéasfenel et
al (1986) found an increase of frequency had little influence on certain types of
composites. Ultimately, 3-Hz was used in order to simplify the time need#eefor
experiment.

The cyclic load level for the specimens for the simulated function was inrtge ra
of 6-12 N. This was determined from the pilot study by taking the averagedlex
strength for the group (Vita CC) that produced the lowest flexural strengihexb(a5.9
N). The 6-12 N calculated out to be 40-75% of that flexural strength and represented a
range that allowed all groups to complete the 20,000 cycles without specimen overload
and standardized the amount of force for all groups. The range utilized in the stud
followed the literature as there have been multiple studies with a largel spréata in
which the average chewing load per tooth ranged 2-22 N with an increase in the load of
15% during swallowing (Bates et al 1976, DeBoever et al 1978, Neill et al 1989) and
others that ranged 20-90 N (Anderson 1956, Gibbs et al 1981).
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Limitations of the Study

Although the study was designed in an attempt to simuiatio conditions, this
experimental design still had limitations in replicating clinical conditeesurately.

First, bars were used in the experiment instead of 3-unit fixed partial dentures
Bars do not accurately portray the clinical situation of the matenahdra prepared tooth
in which the material undergoes varying degrees of stresses due to nilaitekredss and
stress points. However, since all of the specimens were of uniform size angdtisbape
values and comparisons should be valid within this study.

These specimens were fabricated as ideally to the manufactureifcgpiens as
possible on a bench top and stored for 10 days before a load was applied. However, this is
not often the case for fabrication and function of an interim fixed prosthesis inricalcl
situation. The most common method of fabrication in practice today is the direcalclini
method (Christensen 1996); it is the method that would most likely be used to fabricate a
interim prosthesis from Caulk Temporary Bridge Resin, Vita VM CC or ot
Garant. This direct clinical approach of using a matrix intraorally asiterial
polymerizes may affect the flexural strength of the material due taroamtion with the
intraoral environment (e.g. saliva, blood) and movement with inconsistent fordes whi
polymerization occurs. The clinical fabrication of an interim prosthesierfram Radica
may also be different in clinical use when compared to the procedures used in this
experimental study. Often Radica requires an indirect/direct falomncatethod in which
a shell of an interim prosthesis is fabricated on a cast in the laboratory anditiezh re
with another material intraorally after tooth preparation. Often timeseline material is
a different chemical composition than the Radica’s light-polymerized umetha
dimethacrylate resin. Whether or not this relined prosthesis would have slextaaf
strength has yet to be investigated and is thus an additional limitation irpérengental

study.
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Another aspect in clinical situations is that an immediate load is placed on the
interim prosthesis once it is cemented into place whereas in this experilnadiveas not
applied until 10 days of water storage. Relative to this fact, it is plausiblentattaal’s
properties, especially the flexural strength, would behave differently.c&adhnich
displays the highest and most significant flexural strength diffei@naé o, could
behave completely differently in a clinical situation. These specimeresoaked in
water for 10 days prior to testing and the water saturation effect on the Nahlgziural
strength was appropriate. However, the potential for the Cycled specimens tessave
water saturation could have also had an effect on the flexural strength. Alsclihg cy
of the specimens took approximately 111 minutes before a catastrophic load wak applie
which gave ample time for some water to be eliminated from the specimen. This ma
have impacted the data because numerous studies have shown varying effects on the
physical properties of a specimen when tested wet or dry. Some studies have shown tha
the wet/dry status of a specimen does have an effect (Koumjian and Nimmo 1990, Lloy
1982), while others have shown no effect (Lloyd 1984, Gegauff and Pryor 1987). In this
study, there was not a statistically significant difference betwedifetheal strength of
Cycled specimens and Noncycled specimens. It is possible for a signifitargrdie to
have resulted had the specimen not had the opportunity to dry out during cycling.

Another potential limitation of the study is that the specimens underwent a
continuous 3 Hz load cycle yet-vivo cycles do not occur at a constant frequency and
load. The loads that occur during deglutition, mastication and/or parafunctional habits
have varying frequencies, loads and durations throughout the day. Those variations may
impact the deterioration of the material. During fatigue cycling of temad the damages
that are initially present in a material gradually grow and decreasesiihdoearing
capacity of the material/structure. When this occurs, the structure belsavesibjected

to an increasing effective load, thus deteriorating the materiallsteuct
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Sources of Variability

In this study, there were some potential sources of variability that may have
affected some of the results obtained. Some of the flexural strengths ditdreahvaried
greatly. For example, Radica cycled had a range of flexural streogil6® to 169 MPa.
This variety was also present in the other groups, but not to the same extent.

Some of this variability in flexural strength may be contributed to the presence of
existing damages/weakness. Those damages or weaknesses should not reflect the
properties of the material but should be recognized as a form of variability. ohese
damages/weakness included voids present within the specimen when air entrapment
occurred during mixing and/or mold filling. Incorporated microcracks and vordgroav
inherently during thermal and mechanical processes and significantly isdergth
measurement (Kelly 1995).

Although every effort was made to prevent the incorporation of voids, it was
impossible to completely do so. All specimens were fabricated using meanseddsig
eliminate or minimize amount of porosity present (i.e. dispensing materiaébaiving,
using mixing tips, and placement into a curing unit). All samples were tuanisibted in
order to locate and remove any samples with apparent voids. However, even with all of
these techniques, porosity differences were still present and were dewdal¢he SEM
evaluation as seen in Figures 22-29. There were porosity differences betweealsnat
and within groups. It is important to note that the SEMs evaluated specimens through the
fracture plane. It is believed that the sample fractured through the weakestigah
would likely have porosity or voids present. Voids and porosity were not evaluated at any
other location but it is assumed that they were present and potentially al$ecetfifec
flexural strength.

An additional source of variability potentially present for the Radica grougheas
light polymerization. As this material requires light polymerization, inadequat

polymerization of specimens may have been present and resulted in a weak®grspec
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This may have additionally resulted in the Radica’s groups in having the widssrahg
flexural strength and high standard deviations. Even though every effort was made to
standardized the polymerization the Triad 2000 Light Curing Unit was not testesli@ e
uniform intensity for all sample fabrications.

Another source of variability is the manner in which the samples undergoing cycli
loading were treated. During the course of cyclic loading if a sampleapuesty
fractured before completion of the 20,000 load cycles, the sample was replaced in order to
achieve the required 20 specimens for the statistical analysis. This could havky pexbs
to specimens in the Cyclic Group showing higher values as flawed or weakietesgsec
were eliminated before the flexural strength was analyzed. The specimthe
Noncycled Group underwent a transverse strength load and did not undergo the
“pretesting” of cyclic loads that could have eliminated any potentialyeithor weaker
specimens. The number of specimens that did not survive the cycled portion in the Cycled
groups are as follows: VitaVM CC — 4; Caulk Temporary Bridge Resin folerp 3

Garant — 1; and Radica - 1.

Interpretation of Results

Statistical Analysis

The data calculated in Tables 10, 11 and 12 included each of the group’s mean,
standard deviations, range, coefficient of variances and statistical analysen
comparing means, it appears that in both the Noncycled (NC) and Cycled (C) th®ups
order for mean flexural strengths (MPa) from lowest to highest was theegiiimthe
following: Caulk (NC - 53.83; C — 60.02), Vita VM CC (NC — 65.96; C — 66.83), Protemp
3 Garant (NC — 75.85; C — 77.18), and Radica (NC — 106.1; C — 115.96). The statistical
analysis of these numbers showed that Radica’s flexural strength wéisangiy higher
as indicated with p-values less than .001 when compared with the other materidts in bot

the Noncycled and Cycled groups. This reveals that within the limitations and aosditi



74

of this study Radica responded with the best flexural strength in both Noncycled and
cycled situations. The only other material in the study that presented watistacally
significant difference was Protemp 3 Garant when compared with Caulk. In the
Noncycled group, Protemp 3 Garant had a significantly higher flexural dirdvagt

Caulk Temporary Bridge resin, as the p-value was less than .001. In the Cypclpdtihe
p-value was less than .01 indicating that there was a difference but not asasignific

When comparing the effect of 20,000 cycles on a material’s flexural strength, i
can be seen that the means for both the Noncycled and Cycled groups were very similar.
The results indicate that there was indeed a difference that resultddyint ansrease in
the mean flexural strength of the Cycled vs. Noncycled groups in all mat@aaik -

6.19 MPa, Vita VM CC - .87 MPa, Protemp 3 Garant — 1.33 MPa, and Radica — 9.86
MPa. The statistical analysis of the material’'s flexural strehgtore and after 20,000
cycles indicates that this number of cycles did not have a significant effext.
interesting that the flexural strength increased slightly, rather thaeasecas would be
expected due to deterioration of the material from fatigue loading. Wagh thierim

fixed materials it would not be expected that the fatigue loading would resutkn w
hardening of the material. Once again, although these differences wereisitadtgt
significant, a possible cause for this increase was discussed in the “Swurces
Variability”.

Of all the materials in the Noncycled and Cycled study groups, Radica had the
widest range of flexural strength and the largest standard deviation. Tha Radic
Noncycled group had a range of 60.62 to 135.6 MPa and a standard deviation of 21.94.
The Radica Cycled group had a range of 69.98 to 169.68 MPa and a standard deviation of
25.63. Incorporating a coefficient of variance for Radica Noncycled of 20.7% aiichRa
Cycled of 22.1%, it would appear that there were issues in the specimen i@acat
testing. This can also be observed in the Vita VM CC specimens as theawatige f

Noncycled was 47.58 to 91.49 with a standard deviation of 13.83 and coefficient of
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variance at 21.0% and the Cycled had a range of 48.22 to 77.25 with a standard deviation
of 9.41 and coefficient of variance at 14.1%. The Caulk and Protemp 3 Garant’s range,
standard deviation and coefficient of variance are in a more acceptablérrémge
experiment. Evaluating this information and the experimental study, it would appear
compromises in the specimen fabrication would be the most likely culprit for tlee larg
standard deviations and coefficient of variances as the Bose ElectroBOEC&est

Instrument utilizing WinTest DMA Software completed the testing methatibaslard as

possible and alerted the experimenter if an issue arose during testing.

SEM Evaluation

Four randomly selected fractured specimens from each group were observed under
SEM to evaluate the surface topography. Protemp 3 Garant and Radica appeared to b
similar whereas Vita VM CC and Caulk Temporary Bridge Resin appéar $onilar.
This is not surprising as these materials are similar to each other in cbomposi

The SEMs revealed multiple defects present with porosity and voids observed in
all specimens. The Protemp 3 Garant and Radica samples appeared to have large voids
with a well-demarcated border as seen in Figures 22, 23, 28 and 29, whereas, the Vita VM
CC and Caulk appeared irregular in size, shape and consistency as seen $2Bi@rre
These differences are perhaps due to the mechanism in which the specimainscated
as the Protemp 3 Garant was automixed with a dispensing syringe, the Radiba alrea
premixed, heated and then dispensed and the Vita VM CC and Caulk Temporary Bridge
Resin were powder:liquid hand-mixed, placed in a syringe and dispensed. Perhaps the
large well-demarcated borders of the Protemp 3 Garant and Radica indicatbd that
inclusions were air pockets incorporated during the dispensing and fabricatien of t
specimens. Since the defects in the Vita VM CC and Caulk were irregular,islape
and grainier in consistency (Figure 25a) perhaps those defects were ineulploato

insufficient mixing, air incorporation and/or dispensing of the materials into dhdsm
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Another observation is that the Protemp 3 Garant and Radica had more prominent
discrepancies such as “waviness” in the fracture plane (Figures 22, 23, 28 and 29)
especially in the subset (a)’'s when compared with the Vita VM CC and Caulk€&ig4,

25, 26 and 27). This, as well as observation of the 3 point bend test portion of the
experiment, may indicate that when the Protemp 3 Garant and Radica specircieed rea
catastrophic failure the fracture occurred rapidly. In contrast, VitaQ@vand Caulk
appeared to have fractured in the same plane possibly indicating that thelrnatkria
more of a slow tearing than explosive effect. This potentially indicatethién&rotemp 3

Garant and Radica are more brittle materials and not as flexible.

Flexural Strength

In this experiment, it has been shown that within the limitations and conditions of
this study Radica responded with the best flexural strength in both Noncycled andl Cycle
situations with the only other material difference present in the study Peiemp 3
Garant when compared with Caulk. It is important to note, that although Radica
responded with the best flexural strength in this experiment this does not ncessanm
that Radica is the best interim fixed prosthesis material. As Table 1Biuons et al in
2003, there are multiple requirements for an ideal interim fixed prosthesisanatth
strength only fulfilling one of the requirements. It is also important to rdsaethere is
often a misconception that all materials that bend are “weak” and all thosi® that are
“strong”. The ability for a material to absorb stresses and undergo lastje atad plastic
deformations maybe more important in the intraoral environment than materidiavkat
high flexural strengths and minimal elastic/plastic deformation, ae thaterials will be
more brittle and potentially more prone for fracture in such an environment. This may
potentially be the case with these interim fixed prosthesis materiéitough Caulk
Temporary Bridge Resin had the lowest mean flexural strength and Raelieagest, the

Caulk Temporary Bridge Resin was the most flexible and Radica the mtstdsit
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observed during experimental testing. As a result, Caulk Temporary Brtekie should
not easily be dismissed and Radica empirically used due to the results of thisexpe
as all of the materials fulfilled the ISO 4049 guidelines of having a mininexarél
strength of 50 MPa. A material should still be selected based on the desiredioacha

physical and handling properties for the clinical conditions present.

Traditional 3-Point Bend Test

The flexural strength is a way to compare and possibly predict a matehaical
performance in a controlled situation. The previous literature did not indicate an
consistent difference in the strength of interim fixed prosthesis natand the results
from this study do not indicate any definitive answers or change for treguiter It is also
important to note that direct comparison to previous studies is difficult as there are
differences in the materials, methodology and specimen configuration.

The Noncycled specimen results from this study provide evidence similar tf that
Ireland et al (1998), Haselton et al (2002) and Nejatidanesh et al (2009) in whit the
acryls Radica and Protemp 3 Garant showed statistically higher flestamagth then
methacrylate resins. However, it is difficult to categoricallyestiaat allbis-acryls have
superior flexural strength as the number of materials in this study wasoanlgrid, as
Haselton et al (2002) determined, results are material specific and egrgaspecific.
The results from this study contradict Osman and Owen (1993) as the rmdteyal

evaluated indicated methacrylates were superior.

3-Point Bend Test Variations

Discussion and comparison of previous literature and the results from this study
following load cycles is difficult to do as cycling deliberately withouiuf@ has received
little attention in the literature especially with interim fixed prosthenaterials. The only
literature that has attempted such studies involves denture acrylics antivaefini

composite materials. Also complicating the analysis is the factdnemo universal
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study protocol/standards for dynamic/static loading of a material. Asult, rany direct
comparison to previous studies is difficult as there are differences in fsteria
methodology and specimen configuration.

According to the literature, this is the only study that evaluates the effegtlic
loading on the flexural strength of interim fixed prosthesis materials. réiocpto the
results obtained from this study, there was no significant difference in xoedlastrength
before and after load cycles. Further testing could subject specimens toldeglsesand
more cycles to determine test conditions that have a detrimental effe@83n 1
Hargreaves tested denture acrylics and determined thatatDcycles were needed but
heat processed denture acrylic bars differ from interim fixed prosthetsais so

whether this load cycle is applicable to the latter remains to be invedtigate

Suggestions for Future Study

1) Repeat the study using 3-unit fixed partial dentures fabricated on cast
dies either using the same fabrication/polymerization technique or
milling from a block of material.

2) Repeat the study utilizing the Bose Electroforce 3300 and Bose
Electroforce Biodynamic Test Instrument with a closed saline
environment.

3) Repeat the study using different materials and manufacturers.

4) Repeat the study using various combinations of frequency, loads and
cycles in order to further evaluate a clinical situation similar to what
occurs on a daily basis with meals, swallowing and parafunctional
habits. (e.g., start with 1000 cycles at 6-12 N at 2 Hz, 250 cycles at 6-12
N at 0.5 Hz, etc.)



79

5) Fatigue testing of materials with increased number of load cycles to
determine the amount of cycles needed to have statistically significant

effect on flexural strength.
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