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ABSTRACT

Purpose. To develop a laboratory model aimed at duplicating the failure process of post
and core restorations. The load pattern applied was to be repetitive (fatigue) and mul-
tivectorial. To determine and compare the resistance under fatigue loading of seven
endodontic post/natural root combinations: stainless steel-, titanium-, ceramic-, composite-
fiber/epoxy-, two glass-fiber/epoxy- and glass-fiber/acrylic posts.
Materials and methods. The repetitive, alternating and multivectorial intraoral force pattern
was reproduced by subjecting the specimens to the rotating cantilever beam test. To this
end, the samples were designed as rotation-symmetric structures comprising a root, a post,
periodontal ligament- and bone analogs and a restoration analog. The following posts were
tested: Unimetric-Ti, Unimetric-SS, Biopost, Composipost, Easypost, DT Lightpost, Everstick-
post. The samples were spun around their long axes while being clamped into a revolving
collet on one end and loaded normal to their long axis on the other end. The aim was to
determine the load level at which 50% of the specimens survived- and 50% fractured before
10E6 cycles. The 50% means were determined using the staircase procedure.
Results. In increasing order of magnitude, the resistances to fatigue loading were as follows:
Biopost, Unimetric-Ti, Unimetric-SS, Composipost, Easypost, Everstickpost, DT Lightpost.
Significance. The fatigue resistance of the two fibrous posts with the highest fatigue resistance
was twice that of any of the ceramic or metal posts.

© 2006 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1. Introduction

the damage to- and the retrievability of the root after the post
either lost retention or fractured.

To serve as abutments for full-coverage restorations, severely
damaged teeth must have their clinical crowns restored. These
reconstructions are often secured to the root using endodontic
posts [1]. For years, such dowels were machined or cast out of
metal. More recently, ceramics [2] and fibrous [3,4] composites
were introduced. These developments prompted enquiries
geared at determining whether one doweling system could
claim superiority over the others. In this context, two issues
were at stake: (1) the anchorage capacity of the post and (2)
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Both concerns were addressed in a number of in-vitro
and in-vivo studies. Comparative clinical studies however, are
scarce; therefore the relative durability of the systems must
be inferred by comparing long-term survival rates of metal-
[5-10], fiber- [11-13] and ceramic [14] posts.

Only seldom do restorations break under monotonic load
application. The typical mechanical failure of intraoral struc-
tures is attributable to fatigue processes [15]. It is also
established that the teeth are subjected to arrays of mostly
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oblique loads [16,17]. These force vectors, therefore, have both
a vertical (i.e. along the tooth’s long axis) and a horizontal
(i.e. normal to the axis) component. A laboratory test aimed
at evaluating the mechanical resistance of structural compo-
nents should therefore duplicate both the repetitive and the
multivectorial nature of introral force application.

To a large extent, rotating beam tests satisfy both require-
ments. In these tests, revolving rod-shaped specimens are
stabilized on both ends via ball-bearings while they are loaded
normal to their axis of rotation in their mid-portion. When
the beam is rotated 180°, the stresses in the fibers origi-
nally below the neutral axis are reversed from tension to
compression and vice versa. When the flexural cycle is com-
pleted the stresses are again reversed to the original state.
In endurance tests, the mid-portion of the specimens are
hence subjected to continuously alternating phases of tension
and compression. Cyclic loading procedures were originally
devised by Wohler during the development of new fatigue-
resistant alloys for railroad stock [18] and later adapted to
other industrial applications using “R.R. Moore machines”
[19]. In a simplified version, the rotation-bending principle
applies equally well to the testing of dental components. To
this end, the components are designed as rotation-symmetric
samples, which are gripped in a rotating collet on one end
and subjected to a load normal to the axis of rotation on the
other. The samples are therefore subjected to alternating fields
of tensile and compressive stresses. Such rotating cantilever
beam tests have been applied in investigations on the fatigue
resistance of prosthodontic structures [20-22], alloys and sol-
derjoints [23], resinous materials [24] and adhesive interfaces
[25].

In view of the poor discriminating potential of clinical
research regarding the comparison of metal-, fibrous- and
ceramic post systems, it was decided to approach the prob-
lem by applying the rotating-bending principle. The objective
of the present project therefore was to closely duplicate
intraoral loading conditions in a laboratory test designed to
compare the resistance to fatigue loading of seven endodon-
tic post/natural root combinations: stainless steel-, titanium-,
ceramic-, composite-fiber/epoxy-, two glass-fiber/epoxy- and
glass-fiber/acrylic posts. In addition, the mode of failure
(structural failure of the post, loosening of the post, root frac-
ture) was also recorded.

2. Materials and methods
2.1. Overview

Samples that comprised a bone- and a periodontal liga-
ment analog, a root, a post and an abutment analog were
configured as rotation-symmetric specimens. Applying the
rotating-bending principle, the samples’ inner ends (i.e. the
bone analogs) were secured to a lathe-type collet and the
protruding ends (i.e. the restoration analogs) were loaded
normal to the axis of rotation via a ball-bearing. While rotat-
ing, the specimens were thus subjected to extended periods
of sinusoidal tension-compression cycles. By progressively
increasing the load applied, the goal of the experiment was
to determine the load level at which 50% of the specimens
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Fig. 1 - Principle of rotating beam fatigue test. The
container housing the bone analog (i.e. a resin) is clamped
into a collet and rotated. The root and the post are collinear
with the axis of rotation. An aluminum tube serves as
abutment analog. It is secured to the post head and
dimensioned so that a ball-bearing can be affixed to the
protruding end. After loading the ball-bearing, this
generates cycles of tension and compression inside the
post, the cement and the root thereby fatiguing the
structures and leading to their final breakage. The lever
acting between the emergence of the root from the bone
analog and the point of force application was kept constant
at 11 mm using a spacer.

survived 10° cycles and 50% failed. Each sample was spun at
1000 rpm and thus required about 17 h of testing.

The principle of rotation-bending tests requires that all
component of the system (i.e. the grips, the specimens and
the ball-bearings) be collinear and that the length of the lever
acting between the outer support of the tooth and the point
of force application be kept constant (Fig. 1).

Technical aspects of the machinery and ancillary controls
were described in previous reports [26,27].

2.2. Test groups

The objective of the study was to determine whether spe-
cific combinations of posts and cementation procedures were
more resistant to fatigue loading than others. To this effect,
the following pairs were selected for investigation: machined
metal posts (stainless steel, titanium) cemented using glass
ionomer cement, ceramic posts using an adhesive tech-
nique, fibrous posts (carbon-fiber/epoxy, glass-fiber/epoxy,
glass-fiber/acrylic) using an adhesive procedure. Besides avail-
ability, a minimum seating length of 8mm and a diameter at
the emergence of the root of 1.35+0.15 mm were the criteria
for inclusion of the post brands into the study. The specifics
of each group are detailed in Table 1. Each post’s housing was
prepared with the system'’s proprietary burs. The housing for
the Everstick post was prepared using the Biopost’s burs.

In the non-adhesive procedure, the posts were cemented
using glass-ionomer cement (Ketac-Cem, 3M-ESPE). For the
adhesive technique, the housing’s dentinal surface was first
infiltrated with self-etching primer (A.R.T. Bond system,
Coltene). Then the bonding resin was applied and the posts
luted using a resin-based cement (Variolink, Vivadent).

(2007), doi:10.1016/j.dental.2006.12.001

Please cite this article in press as: Wiskott HWA, et al., Rotational fatigue-resistance of seven post types anchored on natural teeth, Dental Mater



dx.doi.org/10.1016/j.dental.2006.12.001

DENTAL-1074; No.of Pages8

DENTAL MATERIALS XXX (2007) XXX-XXX 3

Table 1 - Specifications of the posts used

Denomination Material Geometry Diameter Surface Cementation Manufacturer/
(mm) texture non-adhesive/ reference
adhesive
Unimetric-Ti Titanium Ti6Al4V Conical 5° taper 1.45 Serrated  Glass-ionomer Maillefer
Unimetric-SS Stainless steel DIN 1.4305 Conical 5° taper 1.45 Serrated  Glass-ionomer Maillefer
Biopost Zirconium oxides Y-TZP Cylindrical-conical 1.5 Smooth  Adhesive Incermed BPO2L
Composipost Carbon fibers (64 vol.%) epoxy Two-staged cylindrical 14 Smooth  Adhesive RDT
resin (36 vol%)
Everstick post E-glass fibers unpolymerized N/A Ca. 1.5 N/A Adhesive Stick Tech
acrylic composite matrix
Easypost Si-Zr fibers (60 vol.%) epoxy Cylindrical-conical 1.35 Smooth  Adhesive Maillefer
matrix (40 vol.%)
DT Lightpost Quartz fibers (60vol.%) epoxy Cylindrical-conical 1.25 Smooth  Adhesive RDT
resin (40 vol.%) (adhesion to
MMA via priming
layer)
2.3. Specimen preparation fitted with brass gliders and could move freely inside the frame

Designing the samples for the present experiment proved to be
a tedious procedure. Indeed, it was of importance to securely
grip the teeth carrying the posts while still leaving the roots
some leeway for breakage (as in natural conditions) that is not
encasing them in direct contact with a polymer matrix. The
conundrum was solved by sheathing the roots with a thin hose
of polyethylene and attaching the apices to their container
using multistand stainless steel cable as described below.

The teeth from which the roots were prepared were chosen
so as to fit the following specifications: at least one third of
the clinical crown remaining, absence of intrinsic staining or
crazes, a uniformly convex root section, a diameter of 6 £ 1 mm
at the cementoenamel (CE]) junction. If the teeth were slightly
too large, any excess in width within approximately 1mm
was gently sanded off the root’s surface. The root length was
adjusted to 14 mm by first trimming the coronal- and then the
apical aspects of the roots.

A diagrammatic view of the specimens is shown in Fig. 2.
The container housing the bone analogs were 18 mm x 18 mm
stainless steel cylinders configured with shafts that fitted
into the machine’s collet. The roots were surrounded with a
polyethylene hose that was lightly heated before pulling it over
the teeth. After cooling, its thickness was 0.2-0.4mm and it
could therefore function as a periodontal ligament analog [28].
The bone structure was duplicated by encasing the roots into
selfpolymerizing resin. To prevent the teeth from escaping
from their housing, a piece of multistrand cable was adhe-
sively fastened to the apices of the roots. The cable was reeved
through the shaft and, after light pulling, was screw-tightened
to the container.

On the protruding end, the crown analogs were fabricated
using 6 mm diameter aluminum rods. On their inner end, the
rods featured a recess that was large enough to accommodate
the posts’ heads and the rods could thus be cemented onto
the posts using selfpolymerizing composite resin (Variolink,
Vivadent).

The rotating beam principle required that the posts were
located on the axis of rotation. This was achieved by utilizing a
paralleling frame made of two cylindrical steel rods seated in
aluminium blocks on each end. A third aluminium block was

on the steel rods. This device has been described in more
detail elsewhere [27]. The specimen fabrication technique con-
sisted in first centering the post on the axis of rotation using a
“mock” post for which a 8 mm deep recess had been prepared
by enlarging the root’s pulpal canal. After the root had been
fitted with a multistrand cable wire on its apex and sheathed
with the polyethylene hose, the mock post was inserted into
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Fig. 2 - Schematics of the specimens. The root was
sheathed into a polyethylene hose and encased into resin
(i.e. the bone analog). The resin was housed in a container
featuring a shaft to be griped into a rotating collet. The root
was prevented from escaping its resin housing by a
multistrand cable that was crew-fastened to the shaft. An
aluminum tube that was cemented onto the post’s head
served as crown analog.
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the root’s housing and its protruding end was gripped into the
collet that was affixed to the frame’s movable block. Then the
containers were secured to the opposing frame’s fixed bar and
the root was gently lowered into the container while threading
the multistrand wire through the shaft’s canal. Last the resin
(i.e. the bone analog) (Technovit, Heraeus-Kulzer) was poured
into the container leaving 2 mm of root exposed. After setting
of the resin and removal from the frame, the set screw in the
shaft was tightened onto the wire.

The final shape of the post housing was produced at this
time and the posts were cemented according to the proto-
cols described above. The apical ends of the root canals were
prepared up to a #30 reamer but were not filled.

2.4. Experimental procedure and data analysis

For testing, the length of the lever acting on the post (i.e.
the distance between the emergence of the root from the
bone analog and the midpoint of the ball-bearing) was kept
constant at 11mm. This figure has no specific meaning in
the present experiment but was established to allow compar-
isons with previous studies [29]. The sole differences between
groups, therefore, were the variations in post materials and
cementing agents. The slight deviations in root dimensions
and dentin structure were considered random and evenly dis-
tributed between the groups.

The fatigue resistance of each post-cement-root combina-
tion was determined using a technique known as “staircase-”
or “up-and-down” analysis [30,31]. The technique requires
that a number of specimens be tested in sequence and con-
sists in determining a mean load level at which 50% of the
samples survive 10° load applications and 50% fail (this level
will be termed Fsp). To this end, a first sample was cycled for
106 rotations at a given load (F). After 10° cycles, the test was
halted and it was determined whether the sample had broken
or whether it had survived 10° cycles without breakage. If the
sample was a ‘runout’ (no breakage) a new sample was cycled
for 10° cycles at a level F plus a predetermined force incre-
ment (Fin). If the previous sample had failed, the new sample
was tested at F — Fi¢. This leads to the characteristic up-and-
down pattern of runouts and failures that gives its name to
the procedure. When applying the staircase technique, two
issues need to be considered. First, the experimentalist must
set an appropriate Fj,,. If it is too large, the test looses its dis-
criminating potential. Conversely, setting Fi,c, too low unduly

increases the number of specimens. Second, the test must
evolve in an up-and-down pattern. Portions of the sequence in
which the data are only ascending (or descending) may not be
included into final analysis. The number of specimens in the
sequence was set as follows. Specimens were tested in sets
of five and the up-and-down pattern was deemed acceptable
when five reversals were obtained. Sets of five samples were
added until this condition was satisfied.

During testing, the results were graphically charted as in
Fig. 3. After all tests were completed, they were arranged as
shown in Table 2. Taking A and B from Table 2, F5o was calcu-
lated as

A 1
Fso = Fo + Finer {; + 5}

(+ : if the test is based on runouts,
— :if the test is based on failures)
Whenever the number of run-outs and failures differed, data

analysis was based on the least frequent event.
The corresponding standard deviation was taken as:

B—A? ..nB—A?
T2 roo| 22
n n

nB — A?
T T

1.62F e [ >03

SD. =

1.53Fjner if 0.3

with Fso the mean force level at which 50% of specimens run-
out and 50% fail; Fy the lowest load level at which failure
occurred; Fi ¢, the chosen force in/decrement: 2.5N; n the Zni
(n; is the number of failures for each load level) (see Table 2);
A the > in; (i: load level); B the Y in;.

To assess whether the Fsg’s of each group were significantly
different, the means were fitted with 95% confidence intervals
using a method described by Collins [32]. Means with overlap-
ping intervals were considered equivalent.

In excess of 150 specimens were produced during the
course of the experiment (while only 125 were actually part of
the test sequences). First, a number of “non-productive” sam-
ples were required for calibration. Calibration was necessary
to ensure that the model worked properly that is excluding
failure modes other than those that reproduced a clinically
pertinent event. Second, the initial samples of each sequence
usually turned out empty, that is, they were set too low to
be part in the up-and-down reversal pattern that typifies the
staircase procedure and therefore were not included in the

Table 2 - Example of data arrangement for staircase analysis (Everstick posts)

Applied force (N) Force level (i) Number of failures (n;) in; i?n;
27.5 4 3 12 48
25 3 2 6 18
225 2 1 2
20 1 1 1 1
17.5 0 1 0

n=8 A=21 B=71

Withn= Zni, A= Zini; B= Zizni.
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Fig. 3 — Staircase data for the post-cement combinations investigated. The number of specimens in each series was
increased in sets of five until five reversals were observed. This required 15 specimens for the ceramic and metal posts

groups and 20 for the fibrous posts groups.

calculations. Third in 8 instances, the multistrand cable either
broke or loosened from the root. These specimens were dis-
carded and new specimens were used.

3. Results

3.1.  Fatigue strength

The pattern of runouts and failures for each post-cement com-
bination is depicted in Fig. 3. The calculated means at which
50% of the samples survive 10° cycles and 50% fail as well
as their 95% confidence intervals are presented in Fig. 4. In
Fig. 4 two sets of results are shown. The first (termed “full
set”) includes all valid data generated for each combination
during the course of the experiment (a ‘valid’ datum is one

that lies within the upper and lower boundary of the pat-
tern of reversals produced during the sequence). The second
set includes only the 10 last data of each sequence. Indeed,
when observing the evolution of the data in the sequences, the
fibrous posts initially presented a fairly large variability and
then their up-and-down pattern steadied. As it includes only
the 10 last samples of each sequence, the second set describes
the pattern once it has stabilized. In contrast, the full data set
accounts for the entire variability of the results (in terms of
each Fso’s confidence intervals).

The above has obvious implications in terms of statistical
interpretation. When taking the full set into consideration,
only few of the groups diverge. Conversely, when only the 10
last samples are considered, all groups are statistically dif-
ferent with the exception of the Composipost-Easypost and
Biopost-Unimetric-Ti groups.
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Fig. 4 - Mean and 95% confidence intervals of the
post-cement combinations tested. Results are given for the
full data set (15, respectively 20 samples) and for a subset
comprising only the last 10 samples of each series. Note
the important decrease in standard deviation when only
the last 10 samples are considered.

3.2. Failure modes

None of the ceramic and metal posts (Biopost, Unimetric-
Ti, Unimetric-SS) fractured; in three (out of 22 instances) the
root broke during the failure process. The Composiposts failed
either by fracturing (three out of eight) or by decementation
(five out of eight). The remaining fibrous posts (Easypost, Ever-
stickpost, DT Lightpost) mostly failed by delamination, that s,
the posts lost their integrity and split longitudinally. Three out
of eight Easyposts decemented. In three out of 23 instances the
root fractured.

4. Discussion
4.1.  Rotational fatigue testing

Subjecting dental components to rotational fatigue loading
instead of testing them using actuator driven machines [33,34]
may at first glance appear at odds with clinical force applica-
tion. However, spinning the specimens as in the present setup
will to a large extent duplicate the multivectorial nature of
intraoral force application [16,17]. Further, rotational fatigue
is a test that calibrates itself onto the ‘weakest’ location of the
circumference. (In the present context, ‘weak’ is a colloquial-
ism expressing the highest stress concentration that each part
of the structure can sustain without cracks openingin its outer
layer or in the subsurface [35]). Actuator-driven machines will
not calibrate themselves as the stress concentration leading
to breakage is dependent on the positioning of the sample rel-
ative to the actuator, which in typical applications, will not
change during the course of the experiment.

The force was applied normal to the axis of rotation. Hence
the samples were chiefly loaded in shear. Compressive and
oblique force vectors were not duplicated as such. Oblique
loads may be disregarded as they resolve into a compressive
and a shear component. Neglecting the compressive compo-
nent may be justified inasmuch as a material’s resistance to
shear is half to one order of magnitude less than its resistance
under compressive loads [36]. Hence the present experimen-
tal setup “assumes” that post and core build-ups essentially
fail under shear rather than compressive load applications.

Nonetheless the testing setup could be enhanced by angu-
lating the rotating collets in an upward direction thereby
simulating and oblique occlusoapical force application.

Continuously altering this angle during the course of the
experiment could further increase the field of force vectors
applied.

4.2. Analytical procedure

Standard procedures in fatigue testing require that S-N dia-
grams (i.e. Wohler curves) be drawn [37] (S: stress applied,
N: number of cycles until failure). Such diagrams offer a full
representation of a material’s or component’s fatigue resis-
tance in the low-cycle (up to 10%), limited endurance (10* to
107 cycles) and unlimited endurance (>107 cycles) ranges. Due
to the large number of specimens required and the duration
of the some of the runs (up to 107 to 108 cycles), drawing full
S-N diagrams are heavy in their practical aspects.

An alternative approach consists in defining a cycle num-
ber (or range), which suitably characterizes the functional
lifetime of a prosthetic component. In a previous report, we
have extrapolated this number and set 10° cycles as approxi-
mately representing 1 year of clinical function [26]. The next
step then consisted in identifying a procedural approach
yielding a parameter that optimally describes a material’s or
component’s fatigue resistance at 10° cycles. Several tech-
niques are available to assess quantal (i.e. fail or not-fail) data
[38]. The boundary technique rests on the premise that some
combinations of load levels and cycle numbers are always con-
ducive to failure while at others, the components will never
fail [39]. In this technique, the probability of failure is assessed
for a given number of cycles and two load levels. Both load lev-
els must be located within the range of transition (i.e. they may
either fail or survive the test). The load level at which 50% of
the samples fail before reaching the maximum cycle number
is then interpolated from both probabilities of failure.

Probit (probability bit) [40] analysis is usually recognized
as yielding a high accuracy. Such tests, however, require in
excess of 50 samples per datum and must be complemented
with a hefty numerical treatment. By contrast, the staircase
technique [30] as applied herein is a straightforward proce-
dure, typically yielding valuable information after 15-20 runs
only.

The drawback of the technique is exemplified in Fig. 4 in
which Fso’s were calculated for the full data set and a set
restricted to the last 10 runs. The issue as to which set opti-
mally characterized Fso may be debated both ways: the full
data set yields an optimal estimate of the mean’s standard
deviation while considering only the 10 last samples better
characterizes the final Fs5o of the sample (as if the entry level
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had been set to Fsp or if an infinite number of samples had
been tested).

4.3. Fatigue resistance of the post-and-core structures

The results should be viewed in light of the above consider-
ations regarding the mean (Fso) and its standard deviation.
When considering the “10 sample” subset, 5 out of 7 post-
cement combinations are statistical populations on their own.
Conversely, when considering the full data set, the DT Light-
post and the Everstickpost form a group which distinguishes
itself from the metal and ceramic posts, the Composipost and
Easypost ranging somewhere in between. A broad reading of
the results would allow the conclusion that the fatigue resis-
tance of the two groups with the highest values (Everstickpost
and DT Lightpost) is twice that of any of the metal or ceramic
groups.

Interestingly post diameter was not a significant parameter
in the equation that relates geometrical and material param-
eters to the observed fatigue resistance. Indeed, while it yield
the strongest combination (i.e. highest Fsp), the DT Lightpost
was the one with the smallest diameter. Also, the present
experiment provides no indication as to the contribution of
adhesive cementation in the fibrous posts’ Fso’s (relative to
the metal and ceramic groups), complementary pull-out tests
using the same combinations would be required. Definitive
statements as to the contribution of friction versus bonding to
internal dentin walls would be premature [41,42]. Nonetheless
a recent publication reported superior bonding of Variolink
relative to two competing products [43].

The present experiment would confirm a positive rela-
tionship between the decrease in the post’s stiffness and an
augmentation of the Fso’s observed. Due to inhomogeneous
geometries, expressing stiffnesses in terms of GPa requires
some approximations. Such attempts have been made yield-
ing flexural modulus’ of approximately 15 GPa for the Everstick
post [44], 44 GPa for the DT Lightpost [45], 120-140 for the Com-
posipost [45]. Dentin stiffness being charted in the 13-15GPa
range [46], the fibrous posts compare favorably with the elas-
tic modulus’ of stainless steel (215 GPa), titanium (120 GPa) and
zirconia (200 GPa) [47].

Using the data generated in the present experiment, the
fatigue resistance of post-and-core buildups may be related
to similar data obtained for implant connectors. Such com-
parisons are possible since the experimental setups were
identical (in particular with respect to the length of the lever).
In previous studies, the Fso’s of solid conical implant abut-
ments was in the 55N (ITI-Straumann) [29] to 72N (replace
select) [48] range. It follows that the fatigue resistance of natu-
ral teeth restored with post-and-core build-ups is two to seven
times less than that of solid implant abutments.

Finally, when interpreting the data on failure modes, denti-
nal fractures occurred both in roots restored with posts of
high- and lesser modulus of elasticity.
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