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(57) ABSTRACT

A fixture facilitates using a linear force of a uni-axial test
machine to subject a test sample to bending forces. The test
machine includes a frame and a crosshead. To generate the
linear force, the crosshead translates with reference to the
frame in a plane of motion. The fixture includes an upper
connecting link, a lower connecting link, and two transverse
arms. The upper connecting link is configured to attach to the
crosshead for receiving the linear force, and the lower con-
necting link is configured to attach to the frame. The two
transverse arms are pivotably carried between the upper and
lower links. Each transverse arm has an inner end configured
to attach to the test sample, the test sample being suspended
between the arms. The transverse arms pivot in opposite
directions in response to the linear force applied to the upper
connecting link, exposing the sample to bending forces.
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MECHANICAL TESTING SYSTEM AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to co-pending U.S.
Provisional Application Ser. No. 61/349,515 entitled “Sys-
tems and Methods for Multimodal Mechanical Testing of
Medical Devices,” filed May 28, 2010, which is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to mechani-
cal testing systems and methods, and more particularly relates
to mechanical testing systems and methods for medical
devices.

BACKGROUND

[0003] Implantable medical devices are often exposed to a
number of mechanical tests before being used in human
patients. The mechanical tests expose test samples of the
medical device to a variety of forces so that the mechanical
integrity of the device can be investigated. For example,
medical stents are often subjected to a battery of mechanical
tests that assess the behavior of the medical stent in response
to bending, compression, tension,, and radial pulsation. The
mechanical tests may assess whether the stent can sustain the
maximum expected load, or cyclical loads of long-term use,
without failing. Thereby, the safety and efficacy of the stent
can be identified before the device is implanted in humans.
[0004] Many known mechanical testing systems are not
suited for performing the range of mechanical tests to which
a stent is normally subjected. For example, one known
mechanical testing system is a uni-axial test machine, which
features a crosshead that oscillates within a stationary frame.
A test stent is mounted to the stationary frame, and as the
crosshead moves up and down, a load is applied to the stent.
[0005] One problem with the uni-axial test machine is that
it applies force in only one direction. The force is applied
along a line of action that is parallel to the direction of travel
or plane of motion of the crosshead. Thus, the uni-axial test
machine is suited for testing modes that require the applica-
tion of a uni-axial force to the test stent, such as compression
and tension tests, but not for other testing modes that require
the application of different forces in different directions.
[0006] To adapt the uni-axial test machine for other tests, a
fixture may be employed. One known fixture adapts the uni-
axial test machine for bending tests. The fixture includes two
supports for supporting the lest sample within the stationary
frame. The fixture is placed in the stationary frame, and the
test sample is rested on the fixture suspended between the
[0007] supports. The uni-axial machine then applies a lin-
ear force to the test sample about its mid-point, causing the
test sample to bend. Because the bending force is applied to
one point of the test sample, and each of the two supports exert
a return force on the test sample, such a bending mode is
known as “three-point bending”.

[0008] Testing modeled on three-point bending may not
realistically mimic the manner in which a stent experiences
bending within the body. Forces are not usually applied
within the body to a single point of application. Additionally,
forces are not usually applied within the body in a perpen-
dicular direction. Because the three-point bending test
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applies force in an unnatural manner, the bending that the test
stent experiences may be misleading. The mid-point of the
stent, which is directly contacted with the load, may experi-
ence unreasonably high compression or deformation. Con-
versely, the end points of the stent, which are not directly
contacted with the load, may experience relatively little or no
bending, as the load may not be uniformly transferred along
the length of the stent.

[0009] Despite these issues, testing modeled on three-point
bending is often employed because the uni-axial test machine
is readily available. Such a machine is standard equipment in
many testing laboratories. The stent is then subjected to other
testing modes separately The separate application of other
test modes does not adequately mimic the conditions in the
body, where the stent may experience bending in combination
with tension, compression, torsion, or radial pulsation.

[0010] From the above, a need exists for mechanical testing
systems and methods that can subject a medical device such
as a stent to realistic bending forces. It may be desirable if the
systems and methods are suited for use with a conventional
uni-axial test machine, which is available in many lab envi-
ronments. If also may be desirable if the systems and methods
are suited for subjecting the medical device to one or more
additional testing modes simultaneously with bending.

SUMMARY

[0011] In one embodiment, a fixture is provided for a uni-
axial test machine. The fixture facilitates using a linear force
of'the uni-axial test machine to subject a test sample to bend-
ing forces. The uni-axial test machine includes a frame and a
crosshead. The crosshead translates with reference to the
frame in a plane of motion to generate the linear force. The
fixture includes an upper connecting link, a lower connecting
link, and two transverse arms. The upper connecting link is
configured to attach to the crosshead of the uni-axial test
machine for receiving the linear force. The lower connecting
link is configured to attach to the frame of the uni-axial test
machine. The two transverse arms are pivotably carried
between the upper and lower links. Each transverse arm has
an inner end that is configured to attach to the test sample so
that the test sample is suspended between the arms. The
transverse arms are operable to pivot in opposite directions in
response to the linear force applied to the upper connecting
link, exposing the test sample to bending forces.

[0012] The upper link, the lower link, and the transverse
arras lay in the plane of motion of the uni-axial test machine.
The fixture also may include a guide plate. The guide plate
lays in a plane that is parallel to but spaced apart from the
plane of motion, the guide plate having two guide slots. The
transverse arms are movably guided along the guide slots to
control a distance between the inner ends of the transverse
arms. The guide slots may constrain the motion of the trans-
verse arms to the plane of motion of the uni-axial test
machine.

[0013] The guide plate may be substituted with another
guide plate having different guide slots, which cause the inner
ends of the transverse arms to be closer together or farther
apart. Alternatively, the guide plate may be adjusted to adjust
the spacing of the guide slots, causing the inner ends of the
transverse arms to be closer together or farther apart. Moving
the inner ends of the transverse arms closer together or farther
apart exposes the test sample to compressive or tensile forces
as the transverse arms pivot.
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[0014] Insomeembodiments, the upper link has two down-
wardly extending upper prongs, including a left upper prong
and a right upper prong. Each upper prong is associated with
an upper roller, the left upper prong associated with a left
upper roller and the right upper prong associated with a right
upper roller. Similarly, the lower link has two upwardly
extending lower prongs, including a left lower prong and a
right lower prong. Each lower prong is associated with a
lower roller, the left lower prong associated with a left lower
roller and the right lower prong associated with a right lower
roller. Each of the transverse arms is pivotably carried
between the upper and lower links on one of the upper rollers
and one of the lower rollers, a left transverse arm carried on
the left upper roller and the left lower roller, and a right
transverse arm carried on the right upper roller and the right
lower roller.

[0015] Insome embodiments, at least one of the transverse
arms is associated with a gear system operable to apply a
torsional force to the test sample.

[0016] Insomeembodiments, the fixture includes an enclo-
sure that creates a closed fluid path between the transverse
arms. Bach of the transverse arms comprises an inner channel
for providing fluid to or returning fluid from the enclosure.

[0017] In another embodiment, a test system includes a
frame, a crosshead, a lower link, an upper link, and two arms.
The crosshead is operable to translate up and down within the
frame. The lower link is fixably mounted to the frame. The
upper link is fixably mounted to the crosshead. The two arms
that are pivotably mounted between the upper and lower
links. The arms are operable to pivot in opposite directions in
response to translation of the crosshead.

[0018] The test system also may include a guide plate. The
guide plate has two guide slots, and the arms are movably
guided along the guide slots to control a distance between
ends of the arms. The guide plate can be adjusted or substi-
tuted to change the configuration of the guide slots, changing
the distance between the ends of the arms.

[0019] Insomeembodiments, a closed fluid path is formed
between the two arms. The closed fluid path is in fluid com-
munication with a pump that is operable to direct fluid
through the closed fluid path in a pulsatile manner.

[0020] In another embodiment a method can use a linear
force to expose a test sample to bending forces. The method
includes attaching the test sample to two pivot anus such that
the test sample is suspended between the arms and transfer-
ring a linear force onto each of the pivot arms such that the
aims pivot in opposite directions. Thereby, the test, sample is
exposed to bending forces.

[0021] A distance between ends of the arms can be con-
trolled to control the application of compressive or tensile
forces to the test sample. The distance between ends of the
arms also can be varied to vary the application of compressive
or tensile forces to the test sample. A range of pivot of the
arms can be controlled to control a maximum bending angle
to which the test sample is exposed. The direction of the linear
force can be reversed to subject the test sample to fatigue
testing. The shaft extending from an end of at least one of the
arms can be rotated to expose the test sample to a torsional
force, with the shaft rotating about an axis of rotation that is
generally coincident with a longitudinal axis of the at least
one arm. Fluid can be flowed along a closed fluid path
between the arms in a pulsatile manner to expose the test
sample to radially pulsating forces.
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[0022] Insomeembodiments, the linear force is transferred
to the pivot arms through a connecting link. The connecting
link includes an upper connector and two lower prongs. The
lower prongs are spaced apart from each other in a symmetri-
cal manner with reference to the upper connector. Each of the
lower prongs is associated with one of the pivot arms. The
upper connector receives the linear force, and each lower
prong transfers a portion of the linear force onto one of the
pivot arms. The ends of the pivot arms may be constrained in
guide slots, such that application of the portion of the linear
force to the pivot arms causes the ends of the arms to travel
along the guide slots. The test sample may be a medical stent
or another implantable medical device.

[0023] Other systems, devices, methods, features, and
advantages of the disclosed mechanical testing systems and
methods will be apparent or will become apparent to one of
skill in the art upon examination of the following figures and
detailed description. All such additional systems, devices,
methods, features, and advantages are intended to be included
within the description and are intended to be protected by the
accompanying claims.

BRIEF DESCRIPTION OF THE FIGURES

[0024] The present disclosure may be better understood
with reference to the following figures. Matching reference
numerals designate corresponding parts throughout the fig-
ures, and components in the figures are not necessarily to
scale.

[0025] FIG.11is aschematic plan view of an embodiment of
a mechanical testing system.

[0026] FIG. 2 is a perspective view of an embodiment of a
four-point bending fixture for use with the embodiment of a
mechanical testing system shown in FIG. 1.

[0027] FIG. 3 is a cross-sectional plan view of a stent
attached to arms of a four-point bending fixture with sample
holders.

[0028] FIG. 4 is a plan view of the four-point bending
fixture shown in FIG. 2, illustrating the fixture with its arms in
a horizontal position.

[0029] FIG. 5 is a plan view of the four-point bending
fixture shown in FIG. 2, illustrating the fixture with its arms in
a pivoted position.

[0030] FIG. 6 is a plan view of another embodiment of a
four-point bending fixture, illustrating the fixture with its
arms in an upward pivoted position.

[0031] FIG. 7 is a plan view of the four-point bending
fixture shown in FIG. 6, illustrating the fixture with its arms in
a horizontal position.

[0032] FIG. 8 is a plan view of the four-point bending
fixture shown in FIG. 6, illustrating the fixture with its arms in
a downward pivoted position.

[0033] FIG. 9 is a front plan view of a system for exposing
a testing sample to a torsional load.

[0034] FIG. 10 is a side plan view of the system shown in
FIG. 9.
[0035] FIG. 11 is a perspective view of another embodi-

ment of a four-point bending fixture.

DETAILED DESCRIPTION

[0036] Described below are embodiments of mechanical
testing systems and methods for medical devices. The sys-
tems and methods can be employed to test the mechanical
integrity of a medical device such as a stent or a prosthetic
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heart valve. The systems and methods may-expose the medi-
cal device to bending .forces, either alone or in combination
with compressive forces, tensile forces, torsional forces,
radial pulsation forces, or combinations thereof. Unlike exist-
ing testing systems and methods that apply a bending load
directly to a central portion of the medical device, such as its
mid-point, the present systems and methods apply the bend-
ing forces to end portions of the medical device, permitting a
more uniform transfer of the bending load along the length of
the medical device. Thus, the medical device advantageously
can be tested under bending loads that are more consistent
with the loads experienced inside of the human body.

[0037] In one embodiment, a mechanical testing system
includes a uni-axial test machine and a fixture positioned in
the uni-axial test machine. The medical device is associated
with the fixture. The uni-axial test machine applies a linear
force to the fixture, and the fixture transfers the force to end
points of the medical device, causing the medical device to
bend. The bending mode is comparable to “four-point bend-
ing”, as the two end portions of the medical device each
experience a bending force and respond with a return force.
Such bending more accurately mimics the conditions to
which medical devices are exposed in the body.

[0038] The systems and methods described herein can be
used to mechanically test a medical device, such as a cardiac
stent, a peripheral cardiovascular stent, a cardiac valve, a
cardiovascular percutaneous valve, a pulmonary stent, or a
urinary stent, among others. The systems and methods may be
particularly suited for elongated cage-like devices, which
have a partially open structure. The tested device is generally
described as being a stent within the present disclosure for the
purposes of Simplicity, although tire systems and methods
can test any suitable test sample, including samples that are
medical devices other than stents and samples that are not.
medical devices.

[0039] Anembodiment of a mechanical testing system 100
is shown in FIG. 1. The testing system 100 generally includes
a uni-axial test machine 102 associated with a four-point
bending fixture 200. The fixture 200 is adapted to expose a
test sample 300 associated with the fixture 200 to four-point
bending. The fixture 200 has a connecting link that pivotably
carries two arms. The connecting link can attach to the uni-
axial test machine 102, and the two arms can attach to the test
sample, the test sample suspended between inner ends of the
arms, which are facing or adjacent to each other when the
arms in horizontally positioned. When the connecting link
receives a linear force from the uni-axial test machine 102, the
connecting link applies a rotation force to each of the two
arms, causing the anus to pivot. The arms are symmetrically
mounted so that their inner ends to pivot in opposite direc-
tions, meaning that one arm pivots in a clockwise direction
when the other arm pivots in a counterclockwise direction.
When the connecting link is pushed downward by the
machine 102, the arms pivot downward. When the connecting
link is pulled upward by the machine 102, the arms pivot
upward. The pivot of the arms exposes the test sample posi-
tioned between the arms to four-point bending.

[0040] In the illustrated embodiment, the uni-axial test
machine 102 has a stationary frame 104 and a movable cross-
head 106. The stationary frame 104 includes two vertical side
supports and upper aid lower connecting supports. The mov-
able crosshead 106 is positioned between the vertical side
supports and can ride along the side supports in a vertical
direction, along a plane of motion that is parallel to the plane
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of'the paper. The machine 102 also includes a movable upper
adapter 108 attached to the crosshead 106 and a stationary
lower adapter 110 attached to the lower connecting support.
The upper and lower adapters 108, 110 are conventionally
used to attach a test sample to the machine 102. but within the
present disclosure, the upper and lower adapters 108,110 are
used to attach the fixture 200 to the machine 102. An actuator
causes the crosshead 106 to translate upward and downward
along its plane of motion, applying a linear force to the fixture
200. However, tire urn-axial test machine 102 may have a
range of other configurations within the scope of the present
disclosure. For example, the stationary frame may be a single
column on which the crosshead rides.

[0041] FIG. 2 is a perspective view illustrating the fixture
200 in further detail. As shown, the fixture 200 includes an
upper link 212, a lower link 214, a left transverse arm 216 A,
arighttransverse arm 216B. and a guide plate 218. The fixture
200 can be attached to the uni-axial test machine 102 via the
upper and lower links 212,214. For example, the upper link
212 may have an upper connector 220 that attaches to the
movable upper adapter 108 of the uni-axial test machine 102,
and the lower link 214 may have a lower connector 222 that
attaches to the stationary lower adapter 110 of the uni-axial
test machine 102. The connectors 220, 222 may be threaded
projections in embodiments in which the adapters 108, 110
have threaded openings, although other connection means
may be used, whether now-known or later developed.
[0042] With reference back to FIG. 1, when the fixture 200
is attached to the uni-axial test machine 102, the links 212,
214 lie in the plane of motion of the uni-axial test machine
102. The upper link 212 translates in the plane of motion with
movement of the crosshead 106, while the lower link 214
remains stationary.

[0043] Intheillustrated embodiment the upper link 212 has
left and right prongs 224 A, 224B that extend along the plane
of motion. The prongs 224 extend away from the connector
220 toward a center of the fixture 200 and outward from the
connector 220 toward sides of the fixture 200. Thus, the
prongs 224 have end portions that are horizontally spaced
apart from each other. Each end portion supports a roller 228
that is mounted on an axis of rotation. The axis of rotation is
perpendicular to the plane of motion of the test machine 102
when the fixture 200 is mounted therein.

[0044] Similarly, the lower link 214 has left and right
prongs 230A, 2308 that extend along the plane of motion of
the test machine 102. The prongs 230 extend away from the
connector 222 toward a center of the fixture 200 and outward
from the connector 222 toward sides of the fixture 200. Thus,
the prongs 230 have end portions that are horizontally spaced
apart from each other. Each end portion supports a roller 234
that is mounted on air axis of rotation. The axis of rotation is
perpendicular to the plane of motion of the test machine 102.
[0045] In the illustrated embodiment, the lower link 214 is
relatively larger than the upper link 212, Its prongs 230 are
relatively longer than the prongs 224 and define a larger space
therebetween. However, other configurations are possible.
[0046] The guide plate 218 also is generally planar and is
mounted behind the upper and lower links 212,214 in a plane
that is parallel to but spaced apart from the plane of motion of
the test machine 102, In the illustrated embodiment, the guide
plate 218 is mounted to the lower link 214 and is therefore
stationary, although other configurations are possible.
[0047] The guide plate 218 has left and right guide slots
236A, 236B formed through at least a portion of its surface.



US 2013/0042697 Al

The guide slots 236 traverse a substantial portion of the fix-
ture 200 in a vertical direction, although the guide slots 236
have a slight curvature or bend in a horizontal direction. In
some embodiments, such as the one shown in FIGS. 4-5, the
guide slots 236 curve in one direction, but in other embodi-
ments, such as the one shown in FIGS. 6-8, the guide slots 236
curve in two directions. The shape of the guide slots 236 is
described in further detail below.

[0048] The arms 216 are movably supported between the
upper and lower links 212, 214. The left arm 216A is sup-
ported between the left prongs 224A, 230A of the upper and
lower links 212, 214, while the right arm 216B is supported
between the right prongs 224B, 230B of the upper and lower
links 212,214. More particularly, the left arm 216 A includes
an outer transverse slot 238A that is mounted about the left
roller 234 A on the lower link 214 and an inner transverse slot
240A that is mounted about the left roller 228 A on the upper
link 212. Additionally, the left arm 216A has a roller 242A
mounted on its inner end portion that rides in the left guide
slot 236A of the guide plate 218. Like the rollers on the
prongs, theroller 242 A on the left arm 216 A is mounted on an
axis of rotation that is perpendicular to the plane of motion of
the test machine 102.

[0049] Similarly, the right arm 216B includes an outer
transverse slot 238B that is mounted about the right roller
234B on the lower link 214 and an inner transverse slot 240B
that is mounted about the right roller 228'B on the upper link
212. Additionally, the right arm 216B has a roller (not visible
in FIG. 2) mounted on its inner end portion that rides in the
right guide slot 236B of the guide pi ate 218, The roller on the
right arm 216B is mounted on an axis of rotation that, is
perpendicular to the plane of motion of the test machine 102.
[0050] The left and rights arms 216 A, 216B are positioned
on the links 212, 214 so that their inner ends are facing or
adjacent to each other with a gap or space formed therebe-
tween. The test sample is positioned in tire gap and is
mounted to tire inner ends of the arms 216, such that the test
sample extends between the arms 216. In particular, one end
of the test sample is mounted to the inner end of the left arm
216A, and the other end of the test sample is mounted to the
inner end of the right arm 216B, The test sample can be
mounted to the arms 216 in a variety of ways, one example of
which is shown in FIG. 3.

[0051] Inparticular, FIG. 3 is a cross-sectional plan view of
a test sample 300 mounted in a gap between two arms 316
using sample holders 344. The test sample 300 has a hollow
cylindrical interior. To attach the test sample 300 to one of the
arm 316, the test sample 300 is attached to the sample holder
344, and the sample holder 344 is attached to the arm 316. On
one end, the sample holder 344 has an outer diameter that is
slightly smaller than an inner diameter of the test sample 300,
so that the sample holder 344 can be inserted into the test
sample 300. Tire sample holder 344 is then attached to the test
sample 300 using a fastener 346, such as a snapper hose
clamp. Optionally, a sleeve 348 formed from a complaint
material, such as vinyl or urethane, may be positioned
between the test sample 300 and the fastener 346 to provide
cushion. On the other end. the sample holder 344 has an outer
diameter that is slightly smaller than an inner diameter of a
channel 352 defined within the arm 316, so that the sample
holder 344 can be inserted into the arm 316. The sample
holder 344 is then attached to the arm 316 using a fastener
352, such as a number of set screws. In the illustrated embodi-
ment, the sample holder 344 defines a hollow interior channel
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that permits fluid to flow there through, as described in further
detail below, although the interior channel may be omitted.

[0052] Theleftendofthetest sample 300 can be attached to
the inner end of the left arm 316 with one sample holder 344,
and the right end of the test sample 300 can be attached to the
inner end of the right arm 316 with another sample 344.
Thereby, the test sample 300 is mounted between the arms
316, with its middle portion suspended and its end portions
attached to the arms 316.

[0053] The sample holders 344 facilitate securely and
quickly attaching the lest sample 300 to the arms 316. Test
samples 300 having different shapes and configurations can
be attached to the arms 316 by varying the configuration of
the sample holders 344. For example, sample holders 344
with various outer diameters can be used to accommodate
stents of various sizes. The sample holders 344 also facilitate
quickly changing the test sample 300 while preserving the
sensitivity of the load measurement. However, the sample
holders 344 may be omitted, in which case the test sample 300
may be attached directly to the arms 316 in other manners.

[0054] With reference back to FIG. 1, the operation of the
system 100 is described below. The test sample 300 is subject
to bending by operating the uni-axial test machine 102. The
actuator causes the crosshead 106 to translate in the plane of
motion (i.e., the plane of the paper), applying a linear force to
the fixture 200 that causes its arms to rotate downward or
upward, bending the sample suspended therebetween.

[0055] The operation of the system 100 is further described
with reference to FIGS. 4 and 5, which are plan views of the
fixture 200 illustrating the fixture 200 in motion. When the
uni-axial test machine 102 applies a downward linear force on
the upper link 212. the upper link 212 translates downward in
the plane of motion, while the lower link 214 remains station-
ary. The downward translation of the upper link 212 is trans-
ferred to its prongs, effectively splitting the downward linear
force into two downward linear forces that are parallel but
spaced apart from each other in the plane of motion. The left
prong applies a downward linear force on the left arm 216A
about its inner transverse slot, and the right prong applies a
downward linear force on the right arm 216B about its inner
transverse slot. Because the end portions of the arms 216 are
constrained in the guide slots 236 of the guide plate 318, the
aims 216 respond to the two parallel downward linear forces
by pivoting in the plane of motion, the left arm rotating in a
clockwise direction, and the right arm rotating in a counter-
clockwise direction. The end portion of each arm 216 travels
along the corresponding guide slot 236 in the guide plate 218
via the guide slot roller, and the remainder of the arm 216
travels about the arms rollers within the transverse slots.

[0056] Thereby, a lest sample suspended between the inner
ends of the arms 216 is exposed to bending, as evidenced by
the orientation of the inner end surfaces 254 of the arms 216
in FIG. 4 and FIG. 5. In FIG. 4. the arms 216 are in a
horizontal position, such that the inner end surfaces 254 of the
arms 216 are parallel to each other. When the arms 216 are in
the horizontal position, tire test sample is not exposed to any
bending forces. In FIG. 5, the arms 216 are in a downward
pivoted position, such that the inner end surfaces 254 of the
arms 216 are angled with reference to each other. When the
arms 216 are in the downward pivoted position, the test
sample is exposed to bending forces. The left arm 216A
applies a downward force to the left end of the test sample, the
right arm 216B applies a downward force to the right end of
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the test sample, and the test sample exerts return force on the
arms 216, resulting in four-point bending.

[0057] The direction of the applied linear forces may be
reversed to return the arms 216 to the horizontal position,
thereby removing the bending forces from the test sample.
When the uni-axial test machine 102 applies an upward linear
force on the upper link 212, the upper link 212 translates
upward while the lower link 214 remains stationary. The
prongs apply parallel but spaced apart upward linear forces on
the arms 216. causing the arms to pivot in the plane of motion,
the left arm rotating in a counterclockwise direction, and the
right arm rotating in a clockwise direction. Thereby, the arms
216 are returned to the horizontal or rest position, and the
bending forces are removed from the test sample.

[0058] The downward and upward linear forces can be
applied in an alternating fashion to oscillate the arms 216
between the horizontal and pivoted positions, subjecting the
test sample to bending fatigue testing.

[0059] In embodiments in which the test sample is associ-
ated with the arms 216 via sample holders, the load is trans-
ferred to the test sample through the sample holders. The
sample holders may facilitate a smooth transfer of the load to
the sample. The amount of interaction between the test
sample and the sample holder can be controlled to distribute
the bending load onto the test sample. The compliant sleeve,
if present, also facilitates distributing the load and may reduce
the likelihood of the test sample slipping about the sample
holder.

[0060] The fixture 200 facilitates exposing the test sample
to a bending mode that more accurately reflects bending
conditions within the human body, such as the bending con-
ditions experienced by a cardiovascular stent in an artery. By
applying the bending load to both ends of the test sample, the
bending load may be transferred along a greater portion of the
length of the test sample, facilitating more realistic bending.
In some cases, the test sample experiences relatively uniform
bending along all or most of'its length. Applying the bending
forces to the end portions of the test sample also reduces
compression or deformation of the test sample at the point of
application of the bending force. The sample holders may
further reduce compression and deformation by applying the
bending load over the outer surface of an end portion of the
test sample, such as using a sample holder. The motion of the
arms about the rollers may be smooth and stable, facilitating
better weight support and smoother force transfer for more
uniform bending. The bending also may be relatively bal-
anced due to the symmetrical configuration of the fixture
about the line of action of uni-axial test machine. For
example, the prongs, arms, and slots may be symmetrically
positioned with reference to the line of action of the uni-axial
text -machine. The bending also may be relatively balanced as
the motion of the fixture may be confined to a single plane of
action.

[0061] It should be noted that the fixture 200 is merely one
example of a fixture that can be employed in the test system
102. In other embodiments, the fixture may have other con-
figurations. For example, the configuration of the fixture
could be simplified, such as by reducing the number of slots
in the arms, by reducing the number of rollers, or by removing
the guide plate.

[0062] The fixture also may have other configurations to
expose the test sample to alternative bending modes, either
alone or in combination with compression and tension. In
particular, the bending mode can be varied by changing the
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guide slots in the guide plate. In some embodiments, the guide
plate can be changed by removing a fixture with one guide
plate from system and attaching a fixture with another guide
plate to the system, in other embodiments, the guide plate
may be removably associated with the fixture, such that the
guide plate can be changed by removing the guide plate from
the fixture and attaching another guide plate to the fixture. In
still other embodiments, the guide plate may be mounted to
the system separately from the remainder of the fixture, such
that the guide plate can be changed by removing the guide
plate from the system and attaching another guide plate to the
system. Other variations also are possible.

[0063] The relative position and shape of the guide slots in
the guide plate determines whether the test sample is exposed
to bending alone or in combination with compression or
tension. Additionally, the shape of the guide slots determines
whether the test sample is exposed to bending in one direction
and in two directions. The shape of the guide slots also deter-
mines the maximum angle of bending.

[0064] Pure bending without tension or compression is
accomplished with guide slots that are shaped and positioned
so that the distance between the inner end surfaces of the arms
is fixed and does not change as the arms traverse the length of
the guide slot. Compression or tension superimposed with
bending is accomplished with guide slots that are inwardly or
outwardly positioned from the pure bending configuration.
For example, the guide slots can be closer together to subject
the test sample to bending and compression, or the guide slots
can be farther apart to subject the test sample to bending and
tension. Of course, the actual position of the guide slots that
achieve pure bending, bending with compression, and bend-
ing with tension varies depending on, for example, the length
of the sample and the distance between the sample and the
inner end surfaces of the arms.

[0065] The guide slots also may be shaped so that the rela-
tive position between the end surfaces of the arms varies as
the arms traverse the length of the guide slot, so that, the test
sample is exposed to bending in combination with variable
compression, or tension. For example, the shape and position
of the guide slots may be selected to vary the presence or
compression or tension as the arms travel the length of the
guide slot. The shape and position of the guide slots also may
be selected to vary the extent of the compression or tension as
the arms travel, the length of the guide slots. The guide slots
also may be configured to expose the test sample to both
tension and compression in an alternating manner.

[0066] The shape of the guide slots also can he varied to
achieve uni-directional or bi-directional bending. For
example, the guide slots may curve in only one direction to
achieve bending in one direction only, or the guide slots may
curve in. two directions to achieve bending it both directions,
such as fully reversed bending. Additionally, the shape of the
guide slots may determine the maximum angle of bending to
which the test sample is subjected.

[0067] For example, in FIGS. 4 and 5, the guide slots 236
bend in only one direction and therefore are suited for expos-
ing the test sample to uni-directional bending. When the arms
216 are in the horizontal position shown in FIG. 4, the test
sample is not subjected to any bending. As the arms 216
assume the pivoted position shown in FIG. 5. the test sample
is subjected to bending in one direction. The arms 216 may be
oscillated between the horizontal position and the pivoted
positionto subject the test sample to bending fatigue testing in
one direction. Such testing may be suited for specific types of
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test samples, such as coronary artery stents, as the coronary
artery is pre-disposed to uni-directional bending.

[0068] As another example, in FIGS. 6-8, the guide slots
636 bend in two-directions and are suited for bi-directional
bending. When the arms 616 are in the horizontal position
shown in FIG. 7, the test sample is not subjected to any
bending. As the arms 616 assume the upward pivoted position
shown in FIG. 6, the test sample is subjected to bending in one
direction. As the arms 616 assume the downward pivoted
position shown in FIG. 8, the test sample is subjected to
bending in the other direction. The arms 216 may be oscil-
lated between the upward and downward pivoted positions to
subject the test sample to bending fatigue testing in two
directions.

[0069] Also as shown in FIGS. 6-8, the maximum angle of
bending may be determined based on the angle formed
between the inner end surfaces 654 of the arms 616 when the
arms 616 have achieved a maximum pivot. When the arms
616 are in the maximum upward pivoted position, the inner
end surfaces 654 form a maximum upward angle, and when
the arms 616 are in the maximum downward pivoted position,
the inner end surfaces 654 form a maximum downward angle.
Because the arms 616 are relatively closer to the top of the
slots 636 than the bottom of the slots 636 when the arms are
in the horizontal position shown in FIG. 7, the arms 616
exhibit a smaller degree of rotation when in the maximum
upward pivoted position, resulting in a smaller maximum
upward angle, but the arms 616 exhibit a larger degree of
rotation when in the maximum downward pivoted position,
resulting in a larger maximum downward angle. Thus, the
extent of the bending angle can be varied based on factors
such as the initial position of the arm 616 in the slot 636, the
length of the slot 636, and the extent to which the arm 616
traverse the slot 636.

[0070] From the above description, a variety of guide plates
could be designed to achieve a variety of bending models,
either alone or in combination with compression, tension, or
some combination thereof.

[0071] In some embodiments, the fixture is configured to
subject the test sample to bending in addition to torsion. The
test sample is exposed to torsion by applying one or more
torsional forces to one or more ends of the test sample. The
torsional force may be applied in addition to the bending
force, so that the torsional testing mode is superimposed on
the bending testing mode. In particular, the torsional force is
applied about an axis of rotation that lies in the plane of
motion of the uni-axial test machine, such as parallel to a
longitudinal axis of the arm.

[0072] The torsional force may be applied to the end of the
test sample ina number of ways. In some embodiments, acam
surface may be positioned in the guide slot, and the arm may
have an end portion that rotates upon encountering the cam
surface, applying a torsional load on the sample. In such
embodiments, the extent of torsion can be varied by varying
the shape of the cam surface in the guide slot, and the timing
of the torsion can be varied by varying the placement of the
cam surface in the guide slot. The cam surfaces also may be
interchangeable, so that the torsional force can be varied.
[0073] Another embodiment of a system 900 for exposing
the test sample to torsion is shown in FIGS. 9 and 10, wherein
FIG. 9 view is a front plan view and FIG. 10 is a side plan view
of'a the system 900. A gear 956 is mounted to the end of the
arm 916, the gear 956 having an axis of rotation that is parallel
to the longitudinal axis of the arm 916. The test sample is
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mounted to the axis of rotation of the gear 956. The gear 956
engages a worm gear 958 that is mounted to the roller 942 in
the guide slot 936, the worm gear 958 sharing an axis of
rotation with the roller 942, As the roller 942 rotates in the
guide slot 936, the worm gear 958 rotates about it axis of
rotation, causing the corresponding gear 956 to rotate, apply-
ing a torsional force to the test sample. In such embodiments,
the gears 956, 958 can be substituted with gears having vari-
ous ratios to vary the torsional force applied to the test sample.
Additionally, one or both of the gears 956, 958 can be
removed so that a torsional load is not applied to the test
sample. Torsion may be conducted alone or in combination
with other testing modes, such as bending, bending and com-
pression, or bending and tension.

[0074] Also in some embodiments, the fixture is configured
to subject the test sample to radial pulsation. An example of
such an embodiment is described with reference to FIG. 1. In
particular, the fixture 200 is in communication with a fluid
pump 160 via a fluid supply line 162 and a fluid return line
164. An enclosure, such as a sleeve, is positioned about the
test sample between the inner ends of the arms, forming a
fluid tight connection so that a flow of fluid can traverse the
gap between the anus. In some embodiments, the enclosure is
specifically designed to model the environment in which the
test sample will be used. For example, in cases in which the
test sample is a stent, the enclosure may model the intended
implantation site for the stent, such as an artery.

[0075] The supply line 162 may supply a flow of fluid to the
enclosure, and the return line 164 may return the flow of fluid
from the enclosure. For example, as shown in FIG. 1 the
supply line 162 may be associated with the outer end of the
right arm, and the return line 164 may be associated with the
outer end of the left arm. Each arm may define a longitudinal
channel for communicating a flow of fluid between the two
ends of the arm. Examples oflongitudinal channels within the
arms are shown in FIG. 3. In such embodiments, a closed fluid
path is defined between the fluid pump, the supply line 162,
the longitudinal channel of one arm, the enclosure about the
test sample, the longitudinal channel of the other arm, and the
return line 164. However, the closed fluid path may be formed
in other manners.

[0076] Inuse, the fluid pump 160 is operated to drive fluid
along the fluid path. The pump 160 may be operated in a
pulsatile manner, so that the test sample is exposed to radially
outwardly directed forces in a pulsatile manner. In some
embodiments, the pump 160 is controlled by a computer
system 166, described in further detail below. Radial pulsa-
tion may be conducted alone or in combination with other
testing modes, such as bending, compression, tension, and
torsion.

[0077] In embodiments, the fluid may be heated to mimic
the conditions within the human body. The heated fluid may
directed through the fluid circuit in a pulsatile manner to
effectuate radial pulsation, or in a continuous manner to rep-
licate the conditions in the body Without radial pulsation. The
fluid may include water; a physiological fluid, such as blood;
or a synthetic composition that mimics one or more properties
(e.g., viscosity) of a physiological fluid.

[0078] In embodiments configured for radial pulsation, an
uninterrupted fluid path may be formed from one arm through
the test sample and out of the other arm, defining a closed fluid
circuit. Thus, any structures intervening between the arm and
the test sample may have a channel that permits fluid flow. For
example, a channel may be formed within any sample hold-
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ers, suchasis shown in FIG. 3. Additionally, a channel may be
formed through the shaft of' a gear mounted to the end of the
arm for the purpose of imparting torsion on the sample, such
as a gear of the type shown in FIG. 9.

[0079] As mentioned above, the test system 100 may
include a computer system 166 in some embodiments. The
computer system 166 may be a general purpose or special
purpose computer. The computer system 166 includes a
memory that stores a mechanical testing module, such as a
program designed to perform a mechanical testing analysis of
a test sample. The computer system 166 also includes a pro-
cessor that executes the mechanical testing module, such asto
perform the mechanical testing analysis for the test sample.

[0080] Oneormore inputs may be provided to the computer
system 166, either manually or electronically. Potential
inputs include information about the uni-axial test machine,
such as the position of the crosshead. the load applied to the
fixture, the starling and final positions of the crosshead, and
the rate of oscillation of the crosshead: information about the
fixture, such as its inertia, the configuration of guide the slots
in the guide plate, and the starting and final positions of the
arms; information about the sample, such as its size and
materials of formation; and information about the bending
mode, such as whether the sample is being exposed to bend-
ing alone or in combination with compression, tension, tor-
sion, and radial pulsation. Upon execution by the processor,
the mechanical testing module may perform a mechanical
testing analysis of the test sample based on one or more of the
input conditions.

[0081] Inembodiments, the computer system 166 also may
act as a controller for one or more of the components within
the system. For example, the computer system 166 may con-
trol aspects of the uni-axial test machine, such as its starting
position and rate of oscillation. The computer system 166 also
may control the fluid pump 168. A person of skill will appre-
ciate that the term “computer system” generally refers to one
or more computing components intended to perform the
operations or functions described above.

[0082] The computer system 166 also may receive infor-
mation from a load cell 168 associated with the crosshead
106. The load ceil 168 measures the linear force directed on
the fixture 200 and outputs an appropriate signal. Although
the output of the load cell 168 is reported to the computer
system 166 in the illustrated embodiment, the output may be
reported to a display that is read by a human operator in other
embodiments, or the load cell 168 may be omitted com-
pletely.

[0083] In embodiments, some or all of the fixture may be
formed from materials that are lightweight, corrosion resis-
tant, or some combination thereof. One example of a suitable
material is a polyoxymethylene plastic material, such as a
Delrin® brand material available from E. I. du Pont de Nem-
ours and Company. Forming the fixture from lightweight
materials may facilitate decreasing the inertia of the fixture,
so that a more sensitive load cell can be used. Forming the
fixture from corrosion-resistance materials may facilitate
submerging the fixture in a heated physiologic bath. How-
ever, other materials may be used for all or part of the fixture.

[0084] In some embodiments, the fixture may be config-
ured to stabilize the movement of the arms in the plane of
motion. For example, tire arms may be positioned on or
between one or more stabilizing rollers, which may reduce
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movement of the arms out of the plane of motion. Such
stabilization may be particularly helpful during high-speed
fatigue testing.

[0085] Insome embodiments, the system may he designed
to detect a fracture in the test sample. A closed electrical
circuit may be formed between the test sample, two electrical
leads, and an appropriate monitoring device. When the test
sample experiences a fracture, tire electrical circuit may
experience a detectable change that is detected by the moni-
toring device. For example the monitoring device may be a
multimeter or a milliohmmeter that can detect a change in
electrical resistance across the leads.

[0086] In some embodiments, the monitoring device is
mounted to the uni-axial test machine, such as on its cross-
head. The monitoring device may be in electrical communi-
cation with a computer system, such as the computer system
166 described above. The computer system receives informa-
tion about the electrical resistance of the circuit and process
this information to identify a fracture in the test sample.
[0087] In some embodiments, the electrical leads are
attached to opposite ends of the test sample. In other embodi-
ments, the electrical leads are attached to sample holders,
such as sample holders 344 shown in FIG. 3. which in turn are
attached to the test sample. The sample holders 344 may be
formed of a metallic material such as brass, so that the sample
holders 344 serve as electrical points of contact for the elec-
trical leads. The closed electrical circuit is defined by the test
sample, the sample holders, and the leads in such embodi-
ments.

[0088] Thedimensions ofthe fixture can be sized to accom-
modate test samples of various dimensions. For example, the
arms may be sized to accommodate test samples having a
range of lengths and diameters. The distance between the
prongs on the upper and lower links may vary, or the overall
size of the fixture may vary, in some embodiments, the fixture
also may be adjustable to accommodate test samples of vari-
ous sizes. For example, the guide plate may be split vertically
along its entire height into two half plates, each of which are
adjustably mounted to the fixture so that the position of the
guide slots can be adjusted by adjusting the relative position
of the two half plates. Additionally, the upper and lower
connecting links can be slit vertically into two half links, each
of which is adjustably mounted to the test machine, so that
arms can be moved closer together or farther apart to accom-
modate test samples of various sizes.

[0089] In embodiments, the systems and methods
described herein can be used in mechanical tests that are
conducted under conditions that replicate physiological con-
ditions within the body. For example, the mechanical tests
may be carried out within a heated bath or oven. As another
example, the radial pulsation system may be operated with a
heated fluid flowing through its chamber and the pump dis-
abled.

[0090] FIG. 11 is a perspective view of another embodi-
ment of a fixture 1100. Articulation of the upper and lower
components with the arms is achieved through the use of ball
bearings, from above and below, fixed by inner diameter pins.
Upper and lower support of the arms allows for control over
positive or upward aid negative or downward bending dis-
placement. Initial tension between roller contacts, to maintain
contact with the arms and/or support the weight of the roller,
is provided by extension springs, located on either side of the
roller bearing (not shown). Structural coupling between roller
bearings is provided by two connecting members, joined by a
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sleeve bearing. One side of the upper component and corre-
sponding arm are pinned, through one or more ball bearings
affixed in the upper component. Pinning allows for precise,
repeatable sample alignment and assists with positive and
negative bending displacement. Tension and/or compression
can be imparted by constraining insertion rod translation, for
example, by increasing the spring tension securing the rolling
contacts on the free (un-pinned) end of the apparatus. In some
embodiments, one or more of the ball bearings, pins, exten-
sion springs, and sleeve bearings may be corrosion-resistant.
[0091] Within the present disclosure, directional terms
such as upper, lower, left, right forward, rearward, vertical,
and horizontal assume a test machine that is level to the
ground and a fixture that is level within the test machine.
These directional terms are employed for ease of reference
and may or may not limit the disclosure, depending on the
context. A person of skill will appreciate whether tire
described components may have other directions, orienta-
tions, or positions depending on actual operational condi-
tions.

[0092] Methods of subjecting a test sample to mechanical
tests also are disclosed herein. The methods enable using a
linear force to expose a test sample to bending forces. In
particular, a test sample may be attached to two pivot arms
such that tire test sample is suspended between the arms. The
pivot arms may be capable of pivoting in a plane of motion.
The method includes receiving a linear force and dividing the
linear force into two smaller linear forces. Both of the smaller
linear forces may have lines of action within the plane of
motion, the lines of action parallel to but spaced apart from
each other. One of the smaller linear forces may be directed
onto one of the pivot arms and the other of the smaller linear
forces may be directed onto the other pivot arm. The appli-
cation of the linear forces onto the pivot arms causes the arms
to pivot in opposite directions in the plane of motion, one arm
pivoting clockwise and the other arm pivoting counterclock-
wise. Thereby, the test sample may be exposed to bending
forces.

[0093] As the arms pivot, a distance between ends of the
arms can be controlled to control the application of compres-
sive or tensile forces to the test sample. If the inner ends of the
arms are spaced apart by a distance that ensures the sample is
not compressed or stretched, the test sample is subjected to
pure bending. If the inner ends of the arms are spaced farther
apart, the test sample is exposed to bending and tension. If the
arms are spaced closer together, tire test sample is exposed to
bending and compression. The distance may be maintained as
the arms pivot so that the test sample is subjected to a single
test mode over the entire range of motion, such as pure bend-
ing, bending and compression, or bending aid tension. The
distance between the ends of the arms also may be varied as
the arms pivot, varying the test mode between bending alone
or in combination with compression and tension. Controlling
the distance between the inner ends of the arms as the arms
pivots ensures the test sample is subjected to the selected
testing mode. For example, the distance between the inner
ends of the arms may be controlled by constraining the arms
to travel along a selected path, such as by movably fixing a
portion of the arm in a guide slot.

[0094] A range of pivot of the arms can be controlled to
control a maximum bending angle to which the test sample is
exposed. For example, the arms may be rotated through a
bigger angle of rotation to subject the test sample to a bigger
maximum bending angle, or the arms may be rotated through
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a smaller angle of rotation to subject the test sample to a
smaller maximum bending angle.

[0095] A range of pivot ofthe arms also can be controlled to
control whether the test sample is exposed to uni-directional
or bi-directional bending. For example, to subject the test
sample to bending in only one direction, the arms may rotate
away from a horizontal or rest position in a single direction
and may return to the horizontal or rest position without
passing it. To subject the test sample to bending in two direc-
tions, the arms may rotate away from a horizontal or rest
position in one direction and may return to the horizontal or
rest position before rotating away from the horizontal or rest
position in the other direction.

[0096] The arms may be pivoted in an oscillating fashion to
subject the test sample to fatigue testing. For example, the
arms may be oscillated by reversing the direction of the linear
force in an alternating fashion. The speed at which the force is
reversed may determine the rate of oscillation used for the
fatigue testing.

[0097] Oneorboth ends of the test sample may be rotated to
expose the test sample to torsional forces. For example, the
test sample may be rotated about a shaft extending from an
end of at least one of the arms, the shaft rotating about an axis
of rotation that is generally coincident with a longitudinal
axis of the at least one arm.

[0098] Fluid also can be flowed along a closed fluid path
between the arms in a pulsatile manner to expose the test
sample to radially pulsating forces. Thus, the test sample can
be subjected to bending forces along with one or more com-
pressive forces, tensile forces, torsional forces, or radially
pulsating forces.

[0099] While particular embodiments have been disclosed
in the present description and figures for purposes of
example, those skilled in the art will understand that varia-
tions and modifications may be made without departing from
the scope of the disclosure. For instance, features that are
illustrated or described with reference to one embodiment,
may be used on another embodiment to yield yet another
embodiment. All such variations and modifications are
intended to be included within the scope of the present dis-
closure, as protected by the following claims and the equiva-
lents thereof.

1. A fixture for subjecting a test sample to bending forces
using a uni-axial test machine that applies a linear force, the
uni-axial test machine comprising a frame and a crosshead
that translates with reference to the frame in a plane of motion
to generate the linear force, the fixture comprising:

an upper connecting link configured to attach to the cross-

head of'the uni-axial test machine for receiving the linear
force;

a lower connecting link configured to attach to the frame of

the uni-axial test machine; and

two transverse arms pivotably carried between the upper

and lower connecting links, each transverse arm having
an inner end that is configured to attach to the test sample
so that the test sample is suspended between the arms,
the transverse arms operable to pivot in opposite direc-
tions in response to the linear force applied to the upper
connecting link, exposing the test sample to bending
forces.

2. The fixture of claim 1, wherein:

the upper connecting link, the lower connecting link, and

the transverse arms lay in the plane of motion;



US 2013/0042697 Al

the fixture further comprises a guide plate laying in a plane
that is parallel to but spaced apart from the plane of
motion, the guide plate having two guide slots; and

the transverse arms are movably guided along the guide

slots to control a distance between the inner ends of the
transverse arms.

3. The fixture of claim 2, wherein the guide plate can be
substituted with another guide plate having different guide
slots, the different guide slots causing the inner ends of the
transverse arms to be closer together or farther apart so that
the test sample is subjected to compressive or tensile forces.

4. The fixture of claim 2, wherein the guide plate can be
adjusted to adjust the spacing of the guide slots, causing the
inner ends of the transverse arms to be closer together or
farther apart so that the test sample is subjected to compres-
sive or tensile forces.

5. The fixture of claim 1, wherein:

the upper link comprises two downwardly extending upper

prongs, including a left upper prong and a right upper
prong, each upper prong associated with an upper roller,
the left upper prong associated with a left upper roller
and the right upper prong associated with a right upper
roller;

the lower link comprises two upwardly extending lower

prongs, including a left lower prong and a right lower
prong, each lower prong associated with a lower roller,
the left lower prong associated with a left lower roller
and the right lower prong associated with a right lower
roller; and

each of the transverse arms is pivotably carried between the

upper and lower links on one of the upper rollers and one
of the lower rollers, a left transverse arm carried on the
left upper roller and the left lower roller, and a right
transverse arm carried on the right upper roller and the
right lower roller.

6. The fixture of claim 1, wherein at least one of the trans-
verse arms is associated with a gear system operable to apply
a torsional force to the test sample.

7. The fixture of claim 1, further comprising an enclosure
that creates a closed fluid path between the transverse arms,
wherein each of the transverse arms comprises an inner chan-
nel for providing fluid to or returning fluid from the sleeve.

8. A test system comprising:

a frame;

acrosshead that is operable to translate up and down within

the frame;

a lower link that is fixably mounted to the frame;

an upper link that is fixably mounted to the crosshead; and

two arms that are pivotably mounted between the upper

and lower links, the arms operable to pivot in opposite
directions in response to translation of the crosshead.
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9. The test system of claim 8, further comprising a guide
plate having two guide slots, wherein the arms are movably
guided along the guide slots to control a distance between
ends of the arms.
10. The test system of claim 9, wherein the guide plate can
be adjusted or substituted to change the configuration of the
guide slots, changing the distance between the ends of the
arms.
11. The test system of claim 8, wherein a closed fluid path
is formed between the two arms, the closed fluid path in fluid
communication with a pump that is operable to direct fluid
through the closed fluid path in a pulsatile manner.
12. A method of'using a linear force to expose a test sample
to bending forces, the method comprising:
attaching the test sample to two pivot arms such that the test
sample is suspended between the arms; and

transferring a linear force onto each of the pivot arms such
that the arms pivot in opposite directions, exposing the
test sample to bending forces.

13. The method of claim 12, further comprising controlling
a distance between ends of the arms to control the application
of compressive or tensile forces to the test sample.

14. The method of claim 12, further comprising varying a
distance between ends of the arms to vary the application of
compressive or tensile forces to the test sample.

15. The method of claim 12, further comprising controlling
a range of pivot of the arms to control a maximum bending
angle to which the test sample is exposed.

16. The method of claim 12, reversing the direction of the
linear force to subject the test sample to fatigue testing.

17. The method of claim 12, further comprising causing a
shaft extending from an end of at least one of the arms to
rotate about an axis of rotation that is generally coincident
with a longitudinal axis of the at least one arm, exposing the
test sample to a torsional force.

18. The method of claim 12, further comprising flowing
fluid in a pulsatile manner through a closer fluid path between
the arms to expose the test sample to radially pulsating forces.

19. The method of claim 12, wherein the linear force is
transferred to the pivot arms through a connecting link, the
connecting link comprising an upper connector and two lower
prongs, the lower prongs being spaced apart from each other
in a symmetrical manner with reference to the upper connec-
tor, each of the lower prongs associated with one of the pivot
arms, the upper connector receiving the linear force and each
lower prong transferring a portion of the linear force onto one
of the pivot arms.

20. The method of claim 12, wherein ends of the pivot arms
are constrained in guide slots, such that application of the
portion of the linear force to the pivot arms causes the ends of
the arms to travel along the guide slots.

21. The method of claim 12, wherein the test sample is a
medical stent or another implantable medical device.
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