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(57) Abstract: Systems and methods that
facilitate the determination of mechanical
properties of an ellipsoidal shell are
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dentation region on the ellipsoidal shell.
Indentation data is recorded at the indenta-
tion region. Mechanical properties of the
ellipsoid shell can be determined based on
the indentation data.
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NON-DESTRUCTIVE MEASUREMENT OF MECHANICAL PROPERTIES OF AN

[0001]
entitled:

ELLIPSOIDAL SHELL

CROSS REFERENCE TO RELATED APPLICATIONS

This|application claims the benefit of provisional application number 61/457,784,
“NON-INVASIVE METHODOLOGY TO

MEASURE THE MECHANICAL

PROPERTIES OF LIOLLOW ELLIPSOIDS AND APPLICATIONS IN CORNEA” and filed on

June 3, 2011.
[0002] Thisl
ellipsoidal shell in
[0003]

In non-biological

important factors in

TECHNICAL FIELD
disclosure generally relates to measurement of mechanical properties of an

non-destructive manner.

BACKGROUND

Mechanical properties of a material in a structure include stiffness and modulus.

pplications, the mechanical properties of the material in the structure are

the design and selection of materials for the structure, in operation of the

structure, and in failure analysis of the structure. In biological applications, the mechanical

properties of biolog
[0004] Whe
destructively using
When

destructive methods

tensile test,

test, a needle is ins

measured as a fung
structure.

[0005] The
contextual informat:

not intended to be ¢

more of the vart

ical tissue are used in illness diagnosis and in treatment monitoring.

n the structure is flat, the mechanical properties can be measured non-

indentation methods or ultrasonic methods or destructively using a strip
the structure is not flat, the mechanical properties can be measured using
. An example of a destructive method is an inflation test. With an inflation
erted into the structure to control the interior pressure and the inflation is

tion of inflation pressure. The inflation is invasive, leaving a hole in the

above-described background is merely intended to provide an overview of
fon surrounding measurement of mechanical properties of materials, and is
xhaustive. Additional context may become apparent upon review of one or

pus non-limiting embodiments of the following detailed description.
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provide a basic un
extensive overview
of the specification

any scope of the cl
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SUMMARY
following presents a simplified summary of the specification in order to
derstanding of some aspects of the specification. This summary is not an
of the specification. It is intended to neither identify key or critical elements
nor delineate any scope of particular embodiments of the specification, or

aims. Its sole purpose is to present some concepts of the specification in a

simplified form as
[0007]
various non-limiti
of a material of a
mechanical propert
otherwise damagin
[0008] An
with a non-limiting
in a non-destructiv

indenter device ind

prelude to the more detailed description that is presented later.

In dccordance with one or more embodiments and corresponding disclosure,

g aspects are described in connection with measuring mechanical properties
structure that is not flat in a non-destructive manner. In other words, the
ies, such as stiffness and modulus, can be measured without destroying or
y the material or the structure.

example of a structure that is not flat is an ellipsoidal shell. In accordance
embodiment, stiffness and modulus of the ellipsoidal shell can be determined
e manner. The ellipsoidal shell is contacted with an indenter device. The

ents the ellipsoidal shell and creates an indentation region. Indentation data is

recorded at the indentation region. Mechanical properties of the ellipsoid shell are determined

based on the indent|
[0009]
mechanical propert

device, which inde

ation data.

In a non-limiting embodiment, a method is described for determining a

y of an ellipsoidal shell. The ellipsoidal shell is contacted by an indenter

ts the ellipsoidal shell at an indentation region. Indentation data is acquired

from the indentation region. A mechanical property of the ellipsoidal shell is determined based

on the indentation d

[0010]

determination of a

In

and a calculator.

a

[¢

ata.
inother non-limiting embodiment, a device is described that facilitates
mechanical property of an ellipsoidal shell. The device includes an indenter

The indenter at least partially contacts the ellipsoidal shell and creates an

indentation regio

receives data abo

determine a slope q

n ‘ln the ellipsoidal shell in response to being subjected to a load. The calculator

the load and associated displacement data for the indentation region, to

f the load data versus the displacement data, and to determine a mechanical

property of the ellip

soidal shell based on the slope.
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[0011]

mechanical propert
applies a load to a

tissue. The systen

displacement data
displacement data,
slope.
[0012]

determination of a

In

In a

PCT/CN2012/000652

further non-limiting embodiment, a system is described to determine a
y of an ellipsoidal shell. The system includes an indenter that contacts and
n ocular tissue and causes an indentation region to be formed in the ocular
1 also includes a calculator that receives data about the load and associated

for the indentation region, determines a slope of the load data versus the

and determines a mechanical property of the ellipsoidal shell based on the

another non-limiting embodiment, a system is described to facilitate

mechanical property of an ellipsoidal shell. The system includes means for

contacting and indenting an ellipsoidal shell resulting in an indentation region. The system also

includes means fc

indentation data me

[0013] The
the specification.

which the various

specification will t

when considered in

[0014]

description, taken

)r determining a mechanical property of the ellipsoidal shell based on
asured from the indentation region.

following description and the drawings set forth certain illustrative aspects of
These aspects are indicative, however, of but a few of the various ways in
embodiments of the specification may be employed. Other aspects of the
ecome apparent from the following detailed -description of the specification

conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Numerous aspects and embodiments are set forth in the following detailed

in conjunction with the accompanying drawings, in which like reference

characters refer to like parts throughout, and in which:

[0015] FIG! 1 illustrates an example non-limiting system that indents an ellipsoidal shell
in a non-destructive manner, according to an embodiment of the disclosure;
[0016] FIG! 2 illustrates an example non-limiting system that facilitates measurement of

mechanical proper
embodiment of the
[0017] FIG
disease state of an

of the disclosure;

ties of an ellipsoidal shell in a non-destructive manner, according to an

disclosure;

3 illustrates an example non-limiting system that facilitates diagnosis of a

e]lipsoidal shell based on a mechanical property, according to an embodiment
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[0018] FIG
mechanical propert
[0019] FIG
(B) an artificial sili
[0020] FIG
position, according
[0021] FIG

of (A) a porcine cq

disclosure;

[0022] FIG
and the indentation
[0023] FIG
properties of an elli
disclosure;

[0024] FIG

modulus for an ellij
[0025] FIG
embodiments descr

[0026] FIG

embodiments descr
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4 illustrates an example non-limiting experimental setup for measuring
es of an ellipsoidal shell, according to an embodiment of the disclosure;

5 illustrates graphs of load versus displacement for (A) a porcine cornea and
cone rubber ellipsoid, according to an embodiment of the disclosure;

6 illustrates a schematic diagram of the load-displacement slope extraction
to an embodiment of the disclosure;

7 illustrates graphs of load-displacement data for different indentation rates

rnea and (B) a silicone rubber ellipsoid, according to an embodiment of the

8 illustrates a typical relationship between a porcine corneal elastic modulus
rate, according to an embodiment of the disclosure;
9 illustrates an example non-limiting method for measuring mechanical

psoidal shell in a non-destructive manner, according to an embodiment of the

10 illustrates an example non-limiting method for determining stiffness and
bsoidal shell, according to an embodiment of the disclosure;

11 illustrates an example computing environment in which the various
ibed herein can be implemented; and

12 illustrates an example of a computer network in which various

[0027] Vari
drawings, wherein
specification, nume
of this disclosure.

be practiced withou
other instances, we

description and illu

ibed herein can be implemented.

DETAILED DESCRIPTION
ous aspects or features of this disclosure are described with reference to the
like reference numerals are used to refer to like elements throughout. In this
rous specific details are set forth in order to provide a thorough understanding
It should be understood, however, that the certain aspects of disclosure may
t these specific details, or with other methods, components, materials, efc. In
1-known structures and devices are shown in block diagram form to facilitate

stration of the innovation.
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strength, density,

Poisson’s ratio, and
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to be appreciated that in accordance with one or more embodiments described
mechanical properties of a material of a structure that is not flat can be
destructive manner.

used herein, the term “mechanical properties” generally refers to any
ty of a material. Examples of mechanical properties of a material include:
ductility, fatigue limit, modulus, toughness, hardness, softness, plasticity,

| the like. Stiffness, modulus, and Poisson’s ratio are described herein, but it

will be understood

property.

[0030] The

that the systems and methods described herein can apply to any mechanical

phrase “a structure that is not flat” generally refers to a structure that does not

have a generally linear shape. An example of a “flat” structure is a sheet. An example of a

“structure that is na
an ellipsoidal shell

including sclera, ¢

it flat” is an ellipsoidal structure, such as an ellipsoidal shell. Structures with
can include any ellipsoidal structure, such as ocular tissue (tissue of an eye,

ornea, or the like). Ellipsoidal shells are described herein, but it will be

understood that the
flat.

[0031] Refe
that indents an ellip
embodiment of the
device that can at l¢
106 in the ellipsoid
that can facilitate c3
embodiment, the in
indentation region
ellipsoidal shell 10
[0032] The

structure. In the ca

systems and methods described herein can apply to any structure that is not

rring now to the drawings, with reference initially to FIG. 1, a system 100
soidal shell in a non-destructive manner is set forth, according to an
disclosure. The system 100 includes an indenter 104. An indenter 104 is any
ast partially contact an ellipsoidal shell 102 and create an indentation region
al shell 102 when subjected to a load. The indenter 104 can be any shape
eation of the indentation region 106 in the ellipsoidal shell 102. In an

denter 104 is an axial-symmetric shape and creates an axial-symmetric

06. The indenter 104 can create the indentation region 106 in both a partial

> and a complete ellipsoidal shell 102.

ellipsoidal shell 102, according to an embodiment, is a non-biological

se where the ellipsoidal shell 102 is non-biological material, the indenter can

contact the ellipsoi
[0033] In

ocular tissue. Ex

al shell 102.
other embodiment, the ellipsoidal shell 102 is a biological structure, such as

ples of ocular tissue include sclera tissue or cornea tissue. In the case where
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the ellipsoidal shel| 102 is biological tissue, the indenter can contact the ellipsoidal shell 102 in

Vivo or ex vivo.

[0034] The

Lindenter 104 can be made of any material with a strength sufficient to

withstand a load while creating the indentation region 106. In an embodiment, the indenter 104

is constructed at least partially of a material that is approved by the U.S. Food and Drug

t

Administration as biocompatible. According to a further embodiment, the indenter 104 is of at

least a material thalt is oxygen permeable. In another embodiment, the indenter 104 can initiate

biofeedback treatm
[0035] The

processor 112, In a

a computing device.

[0036]

indentation region

Acc

on the data about
include load data aj
load data and the a
load data versus th
shell 102 based on
[0037] The

ent of the biological tissue based on a mechanical property.
system 100 can also include a calculator 108 coupled to a memory 110 and a

in embodiment, the memory 110, processor 112, and calculator 108 are part of

ording to an embodiment, the calculator 108 receives data about the
106 and determines a mechanical property of the ellipsoidal shell 102 based
the indentation region 106. The data about the indentation region 106 can
nd associated displacement data for the indentation region 106. Based on the
ssociated displacement data, the calculator 108 can determine a slope of the
e displacement data and determine a mechanical property of the ellipsoidal
the slope.

mechanical property determined by the calculator 108, according to an

embodiment, is stiffness. The stiffness is directly proportional to the slope of the load data

versus the displacei
[0038] Acc
calculator 108 is m
calculator 108 can

displacement data

ment data.

brding to another embodiment, the mechanical property determined by the

odulus. The modulus can be an elastic modulus or a tangent modulus. The
determine the modulus based on the slope of the load data versus the

and a geometric function. In an embodiment where a pressure inside the

ellipsoidal shell is g

onstant, the modulus can be determined according to:
£ ay(S,v,R,0)-(R—t/21-v* dF
t? ds

where E is the modulus of the ellipsoidal shell, F is the indentation load data, & is the

displacement ' data,

and dF/dS is the slope of the load data versus the displacement data.
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Additionally, a,(S, v, R, t) is a geometric function, where S is a shape of the indenter device, v is
Poisson’s ratio, R is a radius of curvature of the ellipsoid shell, and ¢ is the thickness of the
ellipsoidal shell at the indentation region.

[0039] The [following embodiment describes how system 100 can determine the stiffness
and modulus of a hollow ellipsoidal shell from the load-displacement data in the indentation
region 106. The indenter 104 can be axial-symmetric. The data analysis can be modified on the
basis of the indentjtion relation for a hollow ellipsoid.

[0040] A formula for the displacement generated by the partial contact indentation on an

ellipsoid with a flat punch is:

FR,N1-V

d=a
Et?

>

where 0 is the defléction (or displacement) under the center of the load, a is a geometric constant,
F is the load concj]trated on a small cir circular contact area by the flat punch, v is the Poisson’s
ratio of the hollow ellipsoid, £ is the elastic modulus of the material of the ellipsoid, ¢ is the
thickness of the hollow ellipsoid, R; is the radius of curvature of the hollow ellipsoid and can be

presented as,

R,=R-t/2

where R is the radiys of curvature of the outermost surface of the hollow ellipsoid.
[0041] TheT parameter “a” can be determined based on p, where p is determined
according to: .
120-v) 1"
=p| —
ﬂ o [ R22t2 }

b

where 7’ is the detflérmined by:

rl=\1.6r} +£* —0.675t, if r, <0.5¢
r,=r,, ifr, 20.5¢

>

where ry is the radilis of the circular contact area by the partially contacted flat punch indenter.
[0042] The relationship between p and a is shown below in Table 1:

U 0 0.1 0.2 0.4 0.6 0.8 1.0 1.2 14

a 0.433 1 0.431 |0.425 |0.408 | 0.386 |0.362 |0.337 | 0.311 |0.286
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Reagranging

Fszll—v2

d=a
Et?

can give an equatidn relating modulus E to the geometric parameters and the load-displacement

data by partially contacted flat punch indentation:

F

where O is the sl

indentation, and is

[0044] The

T

_ a(R—1t/21-v?
- 2

t

F
&

b4

E

pe of the load-displacement data from the partially contacted flat punch
efined as the stiffness of the hollow ellipsoid.
lequation,

_a(R-t/2

E p

W1-v2 F
5

b g

can be further geneiralized so that the equation can be applicable to the indentation of ellipsoids

by any partially contacted axial-symmetric indenter:

where a(S,v,R,t) is
symmetric indenter
[0045] Refe
of mechanical prop
embodiment of the
indentation region
includes a recorder
displacement data)
part of the indenter
an embodiment, th
example, the record

that senses the load

_ay(S,v,R,1)-(R—t/ 2N1-v?
- 2

t

F
5

E

>

a geometric function governed by the shape of the partially contacted axial-
and both the Poisson’s ratio and the geometrical parameters of the ellipsoid.
rring now to FIG. 2, illustrated is a system 200 that facilitates measurement
erties of an ellipsoidal shell 102 in a non-destructive manner, according to an
> disclosure. FIG. 2 illustrates a case where the indenter 104 creates the
106 in the ellipsoidal shell through compression by a load 202. The system
204 that records data related to the indentation region 106 (e.g., load data and
Although illustrated as a separate component, the recorder 204 can also be
104, the load 202, the calculator 108 or any other component. According to
e recorder 204 is constructed of one or more sensors or transducers. For
er 202 can be constructed of a sensor that senses the displacement and sensor

; data from the sensors can be provided to the calculator 108. The calculator

108 uses the data pr

ovided by the recorder 204 to determine the mechanical property.

8
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[0046] Refé
disease state of ai

embodiment of th

biological structurs.

ocular tissue can in.
[0047] The
component, the dia
included in a comp
[0048] The
property. In an em
mechanical propert
another embodimes:
property and trigg
diagnoses a diseas¢
through a compone
[0049] The

=Y
L

y
ht, the diagnoser 302 can diagnose a disease state based on the mechanical

2
L
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rring now to FIG. 3, illustrated is a system 300 that facilitates diagnosis of a

1 ellipsoidal shell 102 based on a mechanical property, according to an

disclosure. In the embodiment of FIG. 3, the elliptical shell 102 is a

The biological structure, in an embodiment, includes ocular tissue. The

clude sclera tissue or cornea tissue.

system 300 includes a diagnoser 302. Although shown as a separate

gnoser 302 can be a part of the calculator 108. The diagnoser 302 can also be

uting device with the calculator 108, memory 110 and processor 112.

diagnoser 302 can facilitate a medical diagnosis based on the mechanical

bodiment, the diagnoser 302 can produce a suggested diagnosis based on the

(e.g., flagging data in an output indicating a disease state). According to

r a biofeedback or treatment procedure. For example, the diagnoser 302

state, the diagnoser 302 can trigger administration of a treatment modality

nt of system 300, such as indenter 104.

diagnoser 302 can include a database listing disease parameters for the

biological tissue with respect to the mechanical property. For example, if the biological tissue is

ocular tissue, the ds
properties of stiffne
can include thresh
indicate a diagnosi
and treatment for m
[0050] FIG:s
of the non-invasive
an experimental sef
cornea or artificia
recorded with the e
[0051] Refe

measuring mechanj:

disclosure. The el

biological structure

itabase can list mechanical properties for glaucoma. In glaucoma, mechanical

ss or modulus can be altered from normal. The database in the diagnoser 302

old values for stiffness or modulus where values outside of the threshold

s of glaucoma. The diagnoser 302 can facilitate diagnosis, risk assessment

onitoring of illness in the biological tissue (such as optic illness).

5. 5-8 illustrate an experiment and associated outcomes, proving the efficacy

test for mechanical properties described herein. FIG. 4 generally illustrates
up for measurement of mechanical properties of an ellipsoidal shell (porcine

silicone rubber ellipsoid). FIGs. 5-8 show relationships between data

xperimental setup and the mechanical properties of the ellipsoidal shell.

rring now to FIG. 4, illustrated is an example experimental setup for
al properties of an ellipsoidal shell 102, according to an embodiment of the
ipsoidal shell 102 can be a biological structure (a porcine cornea) or a non-

(artificial silicone rubber ellipsoid).
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[0052] The |experimental setup can include a displacement detector 402 and a load 202

with displacement data 406 and load data 404 transmitted to calculator 108. The experimental
setup can include afuniversal testing machine (MTS, Alliance RT/5) and a 10N load cell.
[0053] The

and modulus in a 1

experimental setup can be used to demonstrate the measurement of stiffness
on-destructive manner. The stiffness and modulus can be determined when

the indenter 104 partially contacts the elliptical shell 102. The slope of the load-displacement

. . F
curve can be extracted to achieve a measure of the stiffness. The slope, 5 of the load-

displacement curve|can also be used to calculate the modulus according to:

_a(S,v RO (R-t/2N1-V? F

E
£ S

where a;(S,v,R,t) is| a geometric function governed by the shape of the indenter 104 and both the
Poisson’s ratio and
[0054] Refe

cornea and (B) an

the geometrical parameters of the ellipsoidal shell 102.

rring now to FIG. 5, graphs of load versus displacement for (A) a porcine
artificial silicone rubber ellipsoid are shown, according to an embodiment of
the disclosure. In |both cases, the load versus displacement plots are substantially linear. The
porcine cornea exhibits more variability than the silicone rubber ellipsoid. However, the porcine
cornea exhibits a li

[0055] FIG

1ear region of the graph for which a slope canbe calculated.

6 illustrates a schematic diagram of the load-displacement slope extraction
position, according|to an embodiment of the disclosure. The slope is extracted from a region of
the load vs. displacement curve that is substantially linear. Another option is to take the slope of
a linear regression ¢f a portion of the load vs. displacement curve.

[0056] After determining the slope, which corresponds to stiffness, FIG. 7 shows graphs

of stiffness versus 1
according to an en
rubber ellipsoid, fo

porcine cornea ext

ndentation rates for (A) a porcine cornea and (B) a silicone rubber ellipsoid,
nbodiment of the disclosure. For both the porcine cornea and the silicone
r different indentation rates, the slope was a good predictor of stiffness. The

iibited more variability than the silicone rubber ellipsoid, but after a rate

threshold, the slop

min/min.

e is reproducible. According to an embodiment, the rate threshold is 20

10
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[0057] The
relationship betwee
embodiment of the
[0058] The
elastic modulus ob,
mm/min, the aves
determined to be

modulus is in good
[0059] The
do not depend on t}
modulus was founc
MPa is in good agr
on a silicone rubbes
[0060] FIG
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elastic modulus also depends on indentation rate. FIG. 8 shows a typical
n a porcine corneal elastic modulus and the indentation rate, according to an
disclosure.

elastic modulus of the porcine cornea depends on indentation rate. However,

tained above a rate threshold is reproducible. At an indentation rate of 20

age corneal stiffness and elastic modulus of the porcine cornea were

.068 $0.007 N/mm and 0.14 £0.04MPa (n=12) respectively. This elastic

agreement with the values found by other measurement methods.

stiffness and the elastic modulus of a non-biological silicon rubber ellipsoid
1e indentation rate. The stiffness was found to be'0.821N/mm and the elastic
| to be 1.56 MPa. The elastic modulus of the silicon rubber ellipsoid of 1.56
eement with the value found by the standard 3-point bending tests performed
plate with the same composition of materials of 1.55 MPa.

5. 9 and 10 illustrate methods and/or flow diagrams in accordance with

embodiments of tl]

described as a seri
various orders and
disclosure. Furthe
accordance with th

and appreciate tha

states via a state diagram or events,

methods disclosed
to facilitate transpo
manufacture, as use
from any computer
[0061]

mechanical proper

embodiment of the

device. The ellipsc

is disclosure. For simplicity of explanation, the methods are depicted and
es of acts. However, acts in accordance with this disclosure can occur in
/or concurrently, and with other acts not presented and described in this
rmore, not all illustrated acts may be required to. implement the methods in
> disclosed subject matter. In addition, those skilled in the art will understand
. the methods could alternatively be represented as a series of interrelated
Additionally, it should be further appreciated that the
in this specification are capable of being stored on an article of manufacturé
rting and transferring such methods to computing devices. The term article of

2d in this disclosure, is intended to encompass a computer program accessible

‘readable device or computer-readable storage/communications media.

Referring to FIG. 9, presented is a flow diagram of a method 900 for measuring

ies of an ellipsoidal shell in a non-destructive manner, according to an
disclosure. At element 902, an ellipsoidal shell is contacted with an indenter

vidal shell can be an intact ellipsoidal shell or a partial ellipsoidal shell. The

ellipsoidal shell cgn be made of a biological material or a non-biological material.

In an

11
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embodiment, the bi
other type of ocular
[0062] At ¢
indentation region
indentation data ca
mechanical propert
mechanical propert
can be a tangent mc
[0063] Refe
determining stiffne

disclosure. At 10
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plogical tissue is ocular tissue. The ocular tissue can be sclera, cornea, or any

tissue.
04, the ellipsoidal shell is indented with the indenter device to create an
The

n include indentation load data and associated displacement data. At 908, a

At 906, indentation data is acquired at the indentation region.

y of the ellipsoidal shell is determined based on the indentation data. The
y, according to an embodiment, can be stiffness or modulus. The modulus
ydulus, an elastic modulus, or the like.

rring to FIG. 10, presented above is a flow diagram of a method 1000 for

ss and modulus for an ellipsoidal shell, according to an embodiment of the

D2, indentation load data and displacement data are acquired. At 1004, a

stiffness of the elli

soidal shell is determined. In an embodiment, the stiffness is determined

based on a slope of the load data versus the displacement data. At 1006, a modulus of the

ellipsoidal shell is determined. The modulus is determined when a pressure inside the ellipsoidal

shell is constant, according to:

[0064] Eis
displacement data,
Additionally, ax(S,

Poisson’s ratio, R

ellipsoidal shell at tlh

[0065] The
implemented in sof]
context for the de
computing environi
and methods descri

in connection witl

dF
dé

>

the modulus of the ellipsoidal shell. F is the indentation load data, § is the

_a,(S,v,R0)-(R=t/2)N1-V?
- 2

t

E

and dF/dé is the slope of the load data versus the displacement data.
v, R, ¢) is a geometric function, where S is a shape of the indenter device, v is
is a radius of curvature of the ellipsoid shell, and ¢ is the thickness of the
e indentation region.

systems and methods (e.g, calculator 108) described above can be
fware, hardware, or a combination thereof. FIGs.11 and 12 provide hardware
vices, user interfaces and methods described above. FIG. 11 illustrates a
ment 1100 that can be utilized in connection with the devices, user interfaces
bed above. FIG. 12 illustrates a computing network 1200 that can be utilized

1 facilitating the systems and methods described above. It should be

appreciated that art

described herein.

ficial intelligence can also be utilized to implement the systems and methods

12
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computing system
and is not intended:

embodiments. Ne
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rring now to FIG. 11, illustrated is an example of a suitable computing
t 1100 in which one or more of the embodiments can be implemented. The
environment 1100 is just one example of a suitable computing environment
to suggest any limitation as to the scope of use or functionality of any of the

ther should the computing environment 1100 be interpreted as having any

dependency or req

exemplary operating environment 1100.

[0067]
computer 1110, wh
only be capable of

However, the comj

Lirement relating to any one or combination of components illustrated in the

With reference to FIG. 11, the computing system environment 1100 can include

ich can be a handheld or non-handheld computer. The computer 1110 need
interfacing with a testing device (e.g., a device that records indentation data).

buting system environment 1100 can be any other computing device with a

processor to execute the methods described herein and a display, such as a desktop computer, a

laptop computer, a
the computer 1110
1130, and a systen
memory to the proc
the system memory,
[0068] The

mobile phone, a mobile internet device, a tablet, or the like. Components of
can include, but are not limited to, a processing unit 1120, a system memory
n bus 1121 that couples various system components including the system
essing unit 1120. For example, the methods described herein can be stored in
1130 and exécuted by the processing unit 1120.

computer 1110 can also include a variety of computer readable media, and

can be any available media that can be accessed by computer 1110. The system memory 1130

can include compu

read only memory

limitation, memory

ler storage media in the form of volatile and/or nonvolatile memory such as
ROM) and/or random access memory (RAM). By way of example, and not

1130 can also include an operating system, application programs, other

program modules, and program data.

[0069]

computer-readable

Computing devices typically include a variety of media, which can include

storage media and/or communications media, which two terms are used

herein differently fjom one another as follows.

[0070]

accessed by the cor

removable media.

be implemented in

Com

puter-readable storage media can be any available storage media that can be
aputer and includes both volatile and nonvolatile media, removable and non-
By way of example, and not limitation, computer-readable storage media can

connection with any method or technology for storage of information such as

computer-readable

instructions, program modules, structured data, or unstructured data.

13
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Computer-readable
flash memory or ¢
optical disk storage

storage devices, or
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storage media can include, but are not limited to, RAM, ROM, EEPROM,
ther memory technology, CD-ROM, digital versatile disk (DVD) or other

, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic

other tangible and/or non-transitory media which can be used to store desired

information. Computer-readable storage media can be accessed by one or more local or remote

computing devices
variety of operation
[0071]

structures, program

Com

modulated data sig
information deliver
signal that has one
information in one
media include wire
media such as acou
[0072)
devices 1140, such
e.g., touch screen q
such as output inter
[0073] The
logical connections
remote computer 1
device or other co
device, and can inc
The logical connec
(LAN) or a wide
networking enviro
networks, intranets
[0074) Refe

networked or distrik

A use

, e.g., via access requests, queries or other data retrieval protocols, for a

s with respect to the information stored by the medium.
munications media typically embody computer-readable instructions, data

modules or other structured or unstructured data in a data signal such as a

nal, e.g., a carrier wave or other transport mechanism, and includes any

y or transport media. The term “modulated data signal” or signals refers to a

or more of its characteristics set or changed in such a manner as to encode
or more signals. By way of example, and not limitation, communication

d media, such as a wired network or direct-wired connection, and wireless

stic, RF, infrared and other wireless media.

r can enter commands and information into the computer 1110 through input
as entering the indentation data. A monitor or other type of display device,
or virtual display, can also connect to the system bus 1121 via an interface,
face 1150.

computer 1110 can operate in a networked or distributed environment using
to one or more other remote computers, such as remote computer 1170. The

170 can be a personal computer, a server, a router, a network PC, a peer

rTmon network node, or any other remote media consumption or transmission

ude any or all of the elements described above relative to the computer 1110.
tions depicted in FIG. 11 include a network 1171, such local area network
area network (WAN), but can also include other networks/buses. Such
nments are commonplace in homes, offices, enterprise-wide computer
and the Internet.

rring now to FIG.12, illustrated is a schematic diagram of an exemplary

yuted computing environment 1200. The computer 1110 of FIG. 11 can be

operational in the n

stwork of FIG. 12. The distributed computing environment comprises

14
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computing objects 1210, 1212, etc. and computing objects or devices 1220, 1222, 1224, 1226,

1228, etc., which ci.n
represented by app]]i

1210, 1212, etc. ang
comprise different ¢
phones, MP3 playe
[0075] Eact
1226, 1228, etc.
computing objects
network 1240, eithe

network 1240 can ¢

include programs, methods, data stores, programmable logic, etc., as
cations 1230, 1232, 1234, 1236, 1238. It can be appreciated that objects

] computing objects or devices 1220, 1222, 1224, 1226, 1228, etc. can
levices, such as remote controllers, PDAs, audio/video devices, mobile

s, laptops, etc.

1 object 1210, 1212, etc. and computing objects or devices 1220, 1222, 1224,
an communicate with one or more other objects 1210, 1212, etc. and
or devices 1220, 1222, 1224, 1226, 1228, etc. by way of the communications
r directly or indirectly. Even though illustrated as a single element in FIG. 12,

omprise other computing objects and computing devices that provide services

to the system of FIG. 12, and/or can represent multiple interconnected networks, which are not

shown. Each objec
application, such as
or other object, so
components relatir
various embodimen
[0076]
support distributed
together by wired
Currently, many n
widely distributed
infrastructure can 1
described in variou

[0077] As a

t 1210, 1212, etc. or 1220, 1222, 1224, 1226, 1228, etc. can also contain an
applications 1230, 1232, 1234, 1236, 1238, that might make use of an API,
Ftware, firmware and/or hardware, suitable for communication with various
g to mechanical property measurement as provided in accordance with

ts.

There are a variety of systems, components, and network configurations that

computing environments. For example, computing systems can be connected
or wireless systems, by local networks or. widely distributed networks.
etworks are coupled to the Internet, which provides an infrastructure for
computing and encompasses many different networks, though any network
pe used for exemplary communications made incident to the techniques as
s embodiments.

further non-limiting example, various embodiments described herein apply

to any handheld, partable and other computing devices and computing objects of all kinds are

contemplated for us
anywhere that a dey,

remote computer de

e in connection with the various embodiments described herein, i.e.,
ice can request pointing based services. Accordingly, the general purpose

scribed below in Fig. 12 is but one example, and the embodiments of the

subject disclosure ¢

interaction.

an be implemented with any client having network/bus interoperability and

15
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[0078] Alth
operating system,

within application s
can be described i
modules, being exe
devices. Those skil
variety of computes
[0079] Wh

subject disclosure.

n

te

components or me
appreciated that m
Accordingly, the

modifications, and
the order in which ¢
limiting. Rather, i
variety of orders th

illustrated embodin
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ough not required, any of the embodiments can partly be implemented via an
for use by a developer of services for a device or object, and/or included
oftware that operates in connection with the operable component(s). Software
1 the general context of computer executable instructions, such as program
cuted by one or more computers, such as client workstations, servers or other
led in the art will appreciate that network interactions can be practiced with a
system configurations and protocols.

t has been described above includes examples of the embodiments of the
It is, of course, not possible to describe every conceivable combination of
thods for purposes of describing the claimed subject matter, but it is to be
any further combinations and permutations of this innovation are possible.
claimed subject matter is intended to embrace all such alterations,
variations that fall within the spirit and scope of the appended claims. Further,
ome or all of the process blocks appear in each process should not be deemed
should be understood that some of the process blocks can be executed in a
1at are not illustrated in this disclosure. Moreover, the above description of

nents of this disclosure, including what is described in the Abstract, is not

intended to be exhaustive or to limit the disclosed embodiments to the precise forms disclosed.

While specific em
purposes, various
embodiments and e
[0080]

described compon:

In p

components are int

bodiments and examples are described in this disclosure for illustrative
modifications are possible that are considered within the scope of such
xamples, as those skilled in the relevant art can recognize.

articular and in regard to the various functions performed by the above
ents, modules, systems and the like, the terms used to describe such

ended to correspond, unless otherwise indicated, to any component which

performs the specified function of the described component (e.g., a functional equivalent), even

though not structur.
herein illustrated ex

devices, and circuit

ally equivalent to the disclosed structure, which performs the function in the
emplary aspects of the claimed subject matter. The aforementioned systems,

s have been described with respect to interaction between several components

and/or blocks. It can be appreciated that such systems, devices, circuits, and components and/or

blocks can includs

> those components or specified sub-components, some of the specified

components or suib-components, and/or additional components, and according to various
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permutations and cdombinations of the foregoing. Sub-components can also be implemented as
components commpunicatively coupled to other components rather than included within parent
components (hierarchical). Additionally, it should be noted that one or more components may be
combined into a single component providing aggregate functionality or divided into several
separate sub-compenents, and any one or more middle layers, such as a management layer, may
be provided to communicatively couple to such sub-components in order to provide integrated

functionality. Any|components described in this disclosure may also interact with one or more

other components fot specifically described in this disclosure but known by those of skill in the
art.

[0081] In addition, while a particular detail may have been disclosed with respect to only
one of several embodiments, such feature may be combined with one or more other features of
the other embodiments as may be desired and advantageous for any given or particular
application. Furthermore, to the extent that the terms “includes,”: “including,” “has,” “contains,”
variants thereof, and other similar words are used in either the detailed description or the claims,
these terms are intended to be inclusive in a manner similar to the term “comprising” as an open

transition word without precluding any additional or other elements.

17
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CLAIMS

What is claimed is;

L. A method, comprising:

contacting an ellipsoidal shell by an indenter device;

indenting the ellipsoidal shell by the indenter device including creating an indentation
region;

acquiring indentation data at the indentation region;

determining a mechanical property of the ellipsoidal shell based on the indentation data.

2. The method of claim 1, wherein the determining further comprises determining a

stiffness of the ellipsoidal shell or a modulus of the ellipsoidal shell based on the indentation data.

3. The method of claim 1, wherein the acquiring further comprises acquiring indentation

load data and associated displacement data in the indentation region.

4. The method of claim 3, wherein the determining further comprises determining a

stiffness of the ellipsoidal shell based on a slope of the load data versus the displacement data.

5. The method of claim 4, wherein the determining further comprises determining a
modulus of the ellipsoidal shell when a pressure inside the ellipsoidal shell is constant according

to:

Ee a,(S, v, R,0)-(R—t/ 2\1-1> dF
1 ds

where:

E is the modulus of the ellipsoidal shell,

F is the indentation load data,

¢ is the displacement data,

dF/dd is a slope of the load data versus the displacement data,
ax(S, v, R, ¢) is a function of geometric parameters, where:

S is a shape of the indenter device,

18



WO 2012/163080 PCT/CN2012/000652

v is Poisson’s ratio,
R is a radius of curvature of the ellipsoidal shell, and

t is a thickness of the ellipsoidal shell at the indentation region.

6. The method of claim 2, wherein the determining the modulus further comprises
determining a tangent modulus of the ellipsoidal shell or an elastic modulus of the ellipsoidal
shell.

7. The method of claim 1, wherein the contacting further comprises contacting an intact

ellipsoidal shell by the indenter device.

8. The method of claim 1, wherein the contacting further comprises contacting a partial

ellipsoidal shell by the indenter device.

9. A device, comprising: ’
an indenter configured to at least partially contact an ellipsoidal shell and to create an
indentation region in the ellipsoidal shell in response to being subjected to a load; and
a calculator configured to receive data about the load and associated displacement data
for the indentation region, to determine a slope of the load data versus the displacement data, and

to determine a mechanical property of the ellipsoidal shell based on the slope.

10.  The device of claim 9, wherein the calculator determines a stiffness of the ellipsoidal
shell based on the slope and a modulus of the ellipsoidal shell based on the stiffness and a
function of a shape of the indenter, Poisson’s ratio, a radius of curvature of the ellipsoidal shell,
and a thickness of the ellipsoidal shell at the indentation region

11.  The device of claim 9, wherein the ellipsoidal shell is non-biological tissue.

12. The device of claim 11, wherein the indenter is configured to contact the non-biological

tissue ex vivo.
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13. The device of claim 9, wherein the ellipsoidal shell is biological tissue.

14.  The device of claim 13, wherein the biological tissue is ocular tissue.

15. The device of claim 14, wherein the ocular tissue is cornea tissue or sclera tissue.

16.  The device of claim 13, wherein the indenter is configured to contact the biological tissue
in vivo.

17. The device of claim 16, further comprising a diagnoser that facilitates a medical

diagnosis based on the modulus of the biological tissue.

18.  The device of claim 9, wherein the indenter is at least partially constructed of an oxygen-

permeable material.
19.  The device of claim 9, wherein the indenter is axial-symmetric.
20. The device of claim 9, wherein the indenter facilitates biofeedback treatment.
21. A system, comprising:

an indenter configured to contact and apply a load to an ocular tissue and to cause an
indentation region to be formed in the ocular tissue; and

a calculator configured to receive data about the load and associated displacement data
for the indentation region, determine a slope of the load data versus the displacement data, and

determine a mechanical property of the ellipsoidal shell based on the slope.

22.  The system of claim 21, wherein indenter is configured to contact the ocular tissue and

create an axial-symmetric contact surface with the ocular tissue.

23. The system of claim 21, wherein the mechanical property is stiffness.
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24.  The system of claim 21, wherein the mechanical property is modulus.

25.  The system of claim 24, further comprising a diagnoser configured to determine a

medical diagnosis based on the modulus.

26. A system, comprising:
means for contacting and indenting an ellipsoidal shell resulting in an indentation region;

and

means for determining a mechanical property of the ellipsoidal shell based on indentation

data measured from the indentation region.

27. The system of claim 26, further comprising:

means for receiving the indentation data.
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