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cludes a translation mechanism that translates a vertical displacement/force into a horizon-
tal displacement/force for bending. Components of the bending apparatus are fabricated
from a strong, radiolucent material. In these ways, the bending apparatus is compatible
with micro-CT imaging, and as such, may be used to bend a sample during imaging. In a
particular application, the bending apparatus may be used to measure biomechanical prop-
erties of a bone, such as bone strength, bone material properties, fracture toughness, and
fracture propagation.
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BENDING APPARATUS FCOR
MATERIAL TESTING AND MICcro~-CT IMAGING

[0001] This application claims the benefit of U.35. Provisional

Application No. ©2/419,0682, filed November 9, 2016, which is

[CD02] The present disclosure relates to material testing and
nore specifically, to a bending apparatus that i1s compatible

el

with micro computed tomography (i.e., Micro-CT) imaging.

BACKGROUND
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oft: uses bending measurements to determine structural and
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[

(1

material properties, and in some cases, additicnal information
regarding bone fractures may be obtained by imaging a bone

samplie while bending.

has the advantage of accommodating a variety of bone samples
wilithout extensive sample preparation. A disadvantage,

however, 1s that a traditiconal three-point bending apparatus

makes imaging the sample in micro-CT scanner difficult.

[C00B] A micro-CT7 scanner creates ilmages of a bone via a
collection X-ray cross—sections collected at different ang

around the bone. Any apparatus used for bending must not

[00068] Testing stages for measuring the tensile/compressive
strength ¢f & sample during a micro-CT scan are known (2.9.,
1

Y S CA] \\]rrl\r 1

Y3 72D material testing stage); however, no micro-CT
compatible testing stages are avallable for bending. A need,

therefore, exists for an apparatus that measures ths

(x
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also includes a
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displacement,

a micro-CT scan.

he

[

cading piln

rrangement:)

two bending pins. The loading pin (i.e., lcading cap) 1s
cointed and movable in a second direction that is cpposite to

apparatus

rlaten i1s parallel to the second

S L - »

plns for bending.

T
bending

and

third

The platen
direction

displacement of the

P..J
O
I
0.
}.J.
)
O
T

,
(e.qg.,

bodiment

ed by

[SHH

exert the platen is egual to

exerted by the lo ng pin.

[0008] The bending apparatus

may be

(e.g., a bone). In an exem
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the

a bone samp
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O
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and wo fixed bending

also includes a
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orthcogonal direc

the force

plary empbodiment of the
iloned between

pins is bent

is movable in a third

3 orthogonal

convert displacement

tion (e.g.,

/dilsp

used to sample
bending

he loading pin

)
oy
0]

b]
[
-

P..J

A
13

cading pin



10

15

30

WO 2018/089405 PCT/US2017/060506

moved Ltowards the two fixed bending pins as a

result of the

platen being moved in the third {(i.e., vertical; direchtion.

{0010} In another exemplary embodiment of the bending

u -

apparatus, th

breakage and may be used

CT scan. As a result, the material used for the two bendi

e bending apparatus may be used to bend a tone to
to bend a bone sample during a micro-

g

pins, the lcading pin, and the force-translation mechanism is
structurally strongesr than the bone and lucent in X-ray

images. One possible material suited for this purpose 1s
polyether ether ketone (i.e., PEEK).

{0011} In another exemplary embodiment of the bending

apparatus, the loading

B ) B
from two pieces: a cap and a post. The cap, which is
~ e - . - e + P T o ] / N
connected to the translation mechanism, is hollow (1.e.,

the opening. Movement of the loading pin is achieved by
sliding the cap along the length of the post.

{0012 In another exemplary embodiment of the bending

apparatus, the franslation mechanism of the bending appara

is made from two pileces. One of the two pieces is a foot
e ! N N ~ Y - T N
rests on {i.e., 15 not fixed to} the platen. The other pi

end and to the cap at the other. The translation linkage
connected to the cap and the foot via movable Joints (e.qg.

of angles between the foot and the
anslation linkage. In an exemplary embodiment of the

bending apparatus, the angle between the foot and the

o]
(0N
4

[

translation linkage 1s greater tThan dagree and less than

degrees.

om the platen to the cap of the loading

pin of the bending apparatus is made

tus

that
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[0014] In another aspect, the present disclosure embraces a

system for obtaining bone-fracture information. The system
includes a testing stage. The festing stage includes a three-

point bending mechanism for bending a bone sample. The three-

compression mechanism so that a displacement of the
compression mechanism is transferred to an egual but
orthogonal displacement of the bending mechanism. The testing

S
the ftranslation mechanisn,

C
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1s the same as the force on the bending mechanism. The system
alsc includes a micro-CT scanner for imaging the bone sample

while it is bent and while the bending forces are measured. A
computing device is alsc included in the system. The
computing device is communicatively coupled (e.g., via a data
communication link) to the testing stage and the micro-CT

he computing device includes a processor that is
configured by software instructions to perform a method for
obtaining bhone fracture infeormation. In the method; signals

are sent to the testing stage to incrementally bend the bone

@
[6)]
n
O
[

samplie until it breaks. At each increment, the proc

micro-CT scanner. After breakage, the force data and CT-
images are processed to obtaln bone-fracture information.
{0015} In exemplary embodiments of the system, the bone-
fracture information may include measurements of fracture

toughness, stress, or sirain. In addition, the bhone fracture

[0018] In another exemplary embodiment of the systen, the bone
sample 1s a mouse bone, such as a fenur.
[0017] In another exemplary embodiment of the system, the

three-point kending mechanism and the ftranslation mechanism of
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Brirr DESCRIPTION OF THE DRAWINGS

[0023] ¥Figure 1 graphically depicts a sample for tTesting and a
defined coordinate system according to an embodiment of the

disclosure.

cr

res

6}

ehn

73

[0024] ¥Figure 2 graphically depicts a top view of micro-CT

image acquisition according to an embodiment of the present

[

[0025] Figure 3 graphically dep

cts a side view of a bending
4

apparatus according to an embodiment of the

[0026] Figure 4 graphically depicts a perspective view of a

)
u
ot
.
C
n
+
[43]
14X

QO
o
e

cording to an embodiment of the present

(002 Figure b5 graphically depicts a blcock diagram c¢f system

71
for obtaining bene-fracture information accoerding to an

embodiment of the present disclosure

[0028] The components in the drawings are nol necessarily to
scale, and like reference numerals designate corresponding

DETATILED DESCRIPTION

[0030} Material testing via bending and/or compression is an
important aspect of bone bilomechanics research. Bending, for

oroperties and/or fracture toughness of a bone sample {(i.e.,
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t {i.e., substantially Transparent to

enough to accept the forces neces

to bend a bone sample {e.g., to the point of breakage) without
deforming or breaking. Second, a translation mechanism, also
fabricated from radiclucent material, is used to transiate the

r radio-opagu

be

2 mate
contained in

of the field of

[0040] A plurality of radiolucent materials may be used with
micro-CT. One material that has good strength and is
transparent to X-rays is polyether ether ketone (PEEK)
plastic. PEEK is stron: with a Young’s modulus of
approximately 3.6 Giga-Pascals (GPa), and can bend/break a
bone witheout suffering substantial deformation or breakage.

nmodulus a mouse femur is roughly
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compression and bending forces on a sample, the fixture

comprising:

a compressor having compressing menber that moved

a three-point bender having a bending member that is moved

horizontally to apply a horizontal force on the sample;

a translation mechanism that links the vertical movement

with the horizontal movement so that equal vertical and
horizontal forces are simultaneously applied to the

. The testing stage according to claim 17, wherein the force

translation mechanism is a Scott-Russel linkage

. The testing stage according to claim 1
yree transliation mechanism are

radiolucent materials compatible with X-ray computed

for imaging.
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Group |, claims 1-9 are drawn to a three point bending apparatus comprising a platen.
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compression mechanism, a load cell that senses a force on the compression mechanism, wherein the translation mechanism transfers a
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